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. I. ABSTRACT

This experimental study investigated the Injection Molding of four

liquid crystal polymers, Vectra A950, Vectra B950, HX 4000 and

Xydar SRT500, and two high temperature engineering polymers

Polyetherimide (Ultem) and Polyphenylene Sulfide (Fortron), and

evaluation of mechanical properties, Tensile, Flexural and

Compression, of molded samples.

It was found that four of the materials (Polyetherimide,

Polyphenylene Sulfide, Vectra A950 and Vectra B950) could be molded

satisfactorily on a standard injection molding machine to give good

quality parts. In order to mold the Xydar SRT500, the machine had

to be modified to allow the use of barrel temperatures much higher

(725 - 800 deg.F) than the microprocessor controller's capacity.

For both the Xydar SRT500 and the HX 4000 materials, problems were

. found in molded part quality, including surface defects, burn marks

and warpage. Despite varying the molding conditions for these

materials, it was not possible to achieve defect-free moldings.

The properties showed that the tensile modulus for Vectra B950 was

higher, tnough tezxaile zt_ý._gth was Icz than "ectra A950, compared

to the other materials. Flexural modulus as well as maximum fiber

stress for B950 was higher than for the other materials. Though

tensile properties for HX 4000 were lower than other materials, its

flexural properties were second to Vectra B950. Xydar SRT500 showed

the highest compressive modulus, though Polyetherimide showed

higher compressive strength. Compression tests on HX 4000 were not

possible due to the warpage in the parts.
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II. INTRODUCTION

A. PURPOSE AND SCOPE:

This report summarizes the ob3ective of the pro3ect. As per the

proposal, four liquid crystal polymers: Vectra A950, ýectra BSI5C.

HX 4000, Xydar SRT500, and two high temperature engineer:in

polymers, Polyphenylene Sul.fide(Fortron 0205P4) and Polyetherrmide

(Ultem 1000) were ,n3ection molded and tested for mechanical

properties. The property tests included tensile, flexural and

compressive properties of the molded specimens and were carr:ed out

according to the ASTM procedures.

Satisfactory injection molding of Xydar SRT500 and HX 400C was nzt

possible due to melt inhomogenity. However, injection mcidr-ng of

these materials were attempted. Though samples were molded the

quality of the samples was not good.

The tensile, flexural and compressive properties for Polyphenylene

Sulfide, Polyetherimide, Vectra A950, Vectra B950 and Xydar 2SFTj2,

are gi-;en In this rport. Tensile and Flexural prcper--'S f _

4000 are given, but the compression test on HX 4000 was noz

possibie due to warpage in the sample The results are tabulated

(note) and are shown graphically on pages 18 to 42.

note: The significant figures for the ASTM tests should be considered as three

significant figures. The computer print out format shows more but this should no:

be confused as actual significant figures.
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B. BACKGROUND

Liquid Crystal Polyiers are advanced high temperature polymers. wi.th

unique physi-al properties. The polymers are character=:et ry _y

melt -"scosts,.es which aId in processing such as :r.-n

molding. Thermotropic liquid crystal polymers can _-e processed wzth

conventon•I. thermoplastic processing techniqes• . These ma. "I

when, inection molded, form parts with very high mccai=

propert.es without fibrous reinforcements. The molded ar::.c1= also

show high anisotropy of physical properties between the flow

dlrection and the cross flow directions. The anisotropy decreases

as the thickness of the parts increases. These thermotropic liquld

crystal polymers are also called "self reinforcing" polymers,

0 because :heir properties are very similar to those of fiber filled

pc ymers.

The physical properties of liquid crystal polymers are greativ.

dependent on the thickness of the molded part. The physlcal

pr-:erties are inversely related to the thickness of the specr o

b. z dependency •of properties is greater in unfi led resns -no

f ied 2cmpounds.. er ection molded parts exhibt sever a d.. S :

iav'er with cifferenz morphologces. The two outer sirn ayers

consist of polymer chains aligned in the flow direction. The core

<s highly crystalline and has the appearance of an annealed

polymer, and orientation in the core is generally perpendicular t-

the f1ow direction. In the two outer skin layers the melt freezes

•poncaneously, because the mold temperatures are usually less th.n

the 'roystaiiizat oi m tperature or the gAass transltion tem posture



of the polymer used. However in the core, due to low heat

conduction, instantaneous solidification does not occur, and the

melt is deformed during flow towards the flow front. Thus the

ability to relax is reduced considerably and orientation takes

place in the opposite direction. The most important parameter

during injection molding is the flow process when filling the

cavity. By increasing the part's skin thickness, relative to the

core, the tensile strength will increase. To obtain maximum

physical properties the part must have a larger skin to core

thickness ratio.

The mechanical properties of injection molded liquid crystal

polymers are greatly influenced by the gate design. Ideally the

gate should be designed in such a way that upon entering the mold

the melt should touch at least some part of the mold walls to avoid

jetting. Conventional gating for thermoplastics, may not give

specimens with the highest mechanical properties in the majority of

cases.

The processing conditions also influence greatly the mechanical

properties of injection molded liquid crystal polymers. Lower

injection velocity gives higher properties. Lower injection

velocity decreases the amount of viscous heat generated between the

already solidified skin layer at the walls of the mold and the

molten polymer flowing to fill the remainder of the cavity, thereby

increasing the thickness of the skin. The properties can be

increased with low injection speed, low injection pressure and low

mold temperature. It should also be considered that very low

4



injection rates can lead to problems of material solidifying

prematurely in runners and gates.

The liquid crystal polymers have unprecedented thermal and chemical

resistance and at the same time exhibit excellent mecharnIcal

properties. The injection molding grades can easily fill thin and

7cng sections and can therefore be used to fabricate both small -nd

..arge intricate parts.

These liquid crystal polymers are being targeted to a number of

market sectors including the aircraft/aerospace sector; some other

applications being in fiber optics, electronics, fibers, houseware

appliances where thermomechanical stability and wear resistance are

important. Due to their chemical inertness and toughness, they are

also being used as chemical mass transfer tower packing materIals

and they also make an excellent replacement for brittle ceiamzc

materials.



III. INJECTION MOLDING

A. MATERIALB:

1. Liquid Crystal Polymer
Trade name: Vectra A950
Manufacturer: Hoechst Celanese, New Jersey, U.S.A.

2. Liquid Crystal Polymer
Trade name: Vectra B950
Manufacturer: Hoechst Celanese, New Jersey, U.S.A.

3. Liquid Crystal Polymer
Trade name: HX 4000
Manufacturer: DuPont Polymers, U.S.A.

4. Liquid Crystal Polymer
Trade name: Xydar SRT500
Manufacturer: Amoco Performance Producta, U.S.A.

5. Po-yetherimide
Trade name: Ultem 1000
Manufacturer: GE Plastics, U.S.A.

6. Polyphenylene Sulfide
Trade name: Fortron 0205P4
Manufacturer: Hoechst Celanese, New Jersey, U.S.A.

6I
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SB. EQUIPMENTz

1. Injection Molding Machine
Manufacturer: Battenfeld, Austria
Model: BA750/300
Serial Number: 41.928
Control: CNC 80/85
Screw Diameter: 1.765 in.
L/D ratio: 16:1
Maximum Shot Capacity: 6.37 oz(GPPS)
Maximum clamping-force: 84.3 tons.
Clamping: Hydraulic

2. Dehumidifying Drier
Manufacturer: Conair Inc., U.S.A
Model: 18002503
Serial Number: 8D0062

3. Mold Temperature Controller
Manufacturer: Application Engineering Corpn., U.S.A
Model: TDO-ID-o
Serial Number: 87b242
Heat Transfer Fluid: UCON 500

4. Hand held Thermocouple
Manufacturer: Omega Engineering Inc., U.S.A
Model: HH23

5. Mold
Type: Six cavity ASTM family
Cavities open: Tensile: Dogbone, 6.0 in long

Flexural: Rectangular, 5 in x 0.5 in x 0.125 in
Disc: 4.0 in diameter.

7
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C. PROCEDURE:

Molding conditions for each of the materials were established

according to the "short shot" method (a copy of the "Short Shot"

method is given in Appendix A). The specific procedure for eachn

material is described briefly in the following paragraphs.

PolyetheriMide

Injection molding of all three test specimens (tensile,flexural and

disc) in one shot was not possible due to severely unbalanced flow

between the three cavities used in the mold, which resulted :.n 3ne

cavity or another flashing or producing a short shct iThis problem

did not occur during the molding of the other five materials).

Consequently, molding was done in two steps: 1. with the d:sc

cavity closed, tensile and flexural specimen were molded and L.

with the tensile cavity closed, disc and flexural specimens were

mocldeod. The processing conditions are given In •a•Les and _

re-spe--:-vely.

Polyphenylene Sulfide, Vectra A950, Vectra B950

All three test specimens could be injection molded in one shot

without any problems of mold balancing. The processing conditions

foi Polyphenylene sulfide, Vectra A950 and Vectra B950 are given in

Tables U, 4, 5 respectively.

8



HX 4000

Injection molding of this material was difficult compared to the

previous materials. Melt uniformity was not maintainable. Melt non-

uniformity was visible in the parts molded. It was also found that

thls material was very heat sensitive at the processing

temperatures. The parts had burn marks at the gate, due to shearing

of the melt while flowing through gates. It was not possible to

rectify this problem. Reducing the barrel temperatures lead to the

material not melting, and reducing the injection speed lead to the

.avlties being incompletely filled. Another major problem was found

0 with the disc cavity, where the part warped excessively after it

was ejected from the mold. By increasing the cooling time from 15

to 60 secs, the warpage was reduced only slightly. Consequently

good flat discs were not able to be made. Sometimes, pellets were

visible in the disc, showing that the melt uniformity was poor. The

eason for this problem might be the size and shape of the pellets

which were very different (larger) from the other materials.

Increasing the screw L/D ratio might help in rectifying the melt

non-uniformity problem. The final processing conditions are given

in Table 6.

9



Xydar SRT500

Initial attempts to mold this material on the standard Battenfeld

machine were limited by the maximum barel temperature setpoint in

the controller of 690 deg.F. Higher temperatures were necessary to

melt the materlai. In order to provide higher barrel setpoints, an

external circuit was built to reduce the thermocouple signal so as

to allow the temperature controller to operate at an artificially

low setpoint(below the 690 deg.F range limit), even though the

actual temperatures was higher. (The circuit modification is shown

in Appendix B).

Processing was attempted under these conditions, but the qualty of

the specimens was poor, again as a result of poor melt quality for

reasons thought to be similar to the case of HX 4000. The

processing conditions are given in Table 7.

10



IV. MECHANICAL PROPERTIES

The molded specimens were tested for tensile, flexural and

compression properties. ASTM procedures for the tests are included

in Appendix - C.

A. TENSILE PROPERTIES

EQUIPMENT

1. Tensile testing machine
Manufacturer: Instron Inc.
Model: 6025
Serial Number: H-1081

2. Vernier caliper

TESTING:

' Procedure: ASTM
Number: D638
Atmospheric conditions of the test room:
Temperature: 73 deg.F
Relative Humidity: 50%
Number of specimens tested: Five
Speed of testing: 2.0 in/min.

RESULTS:

The tensile properties for Polyetherimide, Polyphenylene Sulfide,

Vectra A950, Vectra B950, HX 4000 and Xydar SRT500 are given in

Tables 8,9,10,11,12 and 13 respectively.

11
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B. YLEXURAL PROPERTIES

EQUIPMENT
1. Flexural testing machine

Manufacturer: Instron Inc., U.S.A.
Model: 1137
Serial Number: 9138

2. Vernier caliper

TESTIAG:

Procedure: ASTM
Number: D790
Atmospheric conditions of the test room:
Temperature: 73 deg.F
Relative Humidity: 50%
Number of specimens tested: Five
Speed of testing: 0.1 in/min.

RESULTS:

The Flexural properties for Polyetherimide, Polyphenylene Sulfide,

Vectra A950, Vectra B950, HX 4000 and Xydar SRT500 are given in

Tables 14,15,16,17,18 and 19 respectively.

12



C. COMPRESSIVE PROPERTIES

EQUIPMENT

1. Tensile testing machine
Manufacturer: instron Inc., U.S.A.
Model: 6025
Serial Number: H-1081

Vernier caliper

3. Routing machine
Manufacturer: Tensilkut Engineering, U.S.A.
Model:10/31
Serial Number:115663

TESTING:

Procedure: ASTM
Number: D695
Atmospheric conditions of the test room:
Temperature: "I3 deg.F
Relative Humidity: 50%
Number of specimens tested: Five
Speed of testing: 0.05 in/fnin.
Preparation of samples: Samples were cut from injection molded
discs, using a rotory cutter and appropriate fixtures to the
dimensions recommended by ASTM.

RESULTS:

The Compressive properties for Polyetherimide, Polyphenylene

Sulfide, Vectra A950, and Vectra B950 and Xydar SRT500 are given in

Tables 20,21,22,23 and 24 respectively. Compression test for HX

4000 was not conducted due to warpage in the part.



V. DISCUSSION OF RESULTS

The objectives of this research were to injection mold four liquid

crystal polymers, Vectra A950, Vectra B950, HX 4000, Xydar SRT500

and two high temperature engineering polymers Polyetherimide(Ultem)

and Polyphenylene Sulfide(Fortron), and to test for their

mechanical properties, tensile, flexural and compression.

Tables 1 to 7 list the processing conditions used to mold test

specimens from of these materials. Table 1 and 2 list the

processing conditions for polyetherimide. As noted in section

III.C., Injection molding of all three test specimens was not

possible in one shot. Table 1 lists the processing conditions for

tensile and flexural specimens and Table 2 lists the processing

conditions for compression(4 inch diameter disc) and flexural

specimens. Tables 3, 4, 5, 6 and 7 list the processing conditions

for Polyphenylene Sulfide, Vectra A950, Vectra B950 and HX 4000 and

Xydar SRT500 respectively.

Tables 8 to 13 list the Tensile properties of Polyetherimide,

Polyphenylene Sulfide, Vectra A950, Vectra B950, HX 4000 and Xydar

SRT 500 respectively. Tables 14 to 19 list the Flexural prcperties

of Polyetherimide, Polyphenylene Sulfide, Vectra A950, Vectra B950,

HX 4000 and Xydar SRT500 respectively. Tables 20 to 24 list the

Compression properties of Polyetherimide, Polyphenylene Sulfide,

Vectra A950, Vectra B950 and Xydar SRT500. The compression test for

14
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HX 4000 was not possible due to the warpage in the specimen.

Figures 1 and 2 show the Tensile modulus and Tensile strength for

the materials. Figures 3 and 4 show the Flexural modulus and

maximum fiber stress for the materials. Figures 5 and 6 show the

Compressive modulus and the Compressive strength of the materials.

As seen from Figure 1, the tensile modulus of Vectra B950 is zhe

highest compared to other materials. Since it is self reinforcing

in nature, it cannot be directly compared to unreinforced

Polyetherimide and Polyphenylene Sulfide. The tensile modulus of

Vectra A950 is lower than Vectra B950, but higher than the other

materials. Since Vectra B950 is a cc.eolyester-amide, it has more

0 strength and stiffness. The tensile moduli of Polyetherimide,

Polyphenylene Sulfide, HX 4000 and Xydar SRT 500 are in the same

range. HX 4000 and Xydar SRT500 should have higher tensile moduli

than Polyetherimide and polyphenylene Sulfide, since they are self:

reinforcing polymers, but the difficulties in processing and the

poor quality of the parts are likely to have given reduced values.

From Figures 3 and 4, it can be seen that the flexural modulus and

maximum fiber stress for Vectra B950 is higher than for the other

materials. Though the tensile properties for HX 4000 are almost the

same as Polyetherimide, Polyphenylene Sulfide and Xydar SRT500, the

flexural modulus is very high compared to these materials (note:

the flexural properties for Polyetherimide are reported at 5%

strain, since the samples did not break).

1
15



From Figures 5 and 6 it can be seen that the compressive modulus cf

SRT 500 is higher than the other materials, though the compressive

strength is lower. Polyetherimide has a higher compressive strength

than the other materials, and the samples did not break for this

material under compression. The values for compression properz:es

might have been reduced, for all the materials, because the samples

were machined from 4 inch diameter discs. Although the samples were

all cut from the same location (in the flow direction) for all

materials, the stresses and microcracks induced during machining

might have reduced the properties.

Zomparison of published and evaluated values for the materials are

shown in Table -25. Properties for XYDAR SRT500 were noz availahle 0
from the manufacturers. The properties for Polyphenylene Sulfide

and Vectra B950 were also not available, though these ratr

were compared with other materials, relatively in the manufacturers

catalog. Properties for Ultem were available and some propert.es

for Vectra A95C and HX 4000 were available. The evaluated values

when compared to the manufacturer's value are comparable or lower.

Table 26 show the empirical value of shear moduli and bulk modull

of the materials. These properties were arrived at, by empirical

relations with their Poisson's ratio (ref no:10, table 1.4, pg.6).

The Poisson's ratio for Ultem and Polyphenylene Sulfide were

obtained from the manufacturer's catalog as 0.36 and 0.38

respectively. The Poisson's ratio for other materials (Vectra A950,

Vectra B950, HX 4000 and Xydar SRT500) were not available, so for

16



these materials it was assumed to be 0.4 (general rule of thumb for

engineering plastic materials).

Figure 7 show the toughness of the materials. The toughness Is nct

an absolute value, since the area considered was under the zurve

with load and elongation as y-axis and x-axis respectively, ant nct

stress and strain respectively. The toughness indicates that

Polyetherimide is tougher than other materials and that it has more

elongation. The least tough material was HX 4000. The tensile

properties of HX 4000 are low as shown in Table 25.

0
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TABLE 1: Processing Conditions for Polyetherimide. S
Tensile and Flexural.

Drying 6 hours at 300 deg.r'

Barrel Temperatures:

Rear 575 deg.F

Center 602 deg.F

Front 630 deg.F

Nozzle 625 deg.F

Melt Temperature 610 deg.F

Screw Speed 204 rpm

Shot Size 1.89 inches

Decompression 0.1 inches

Injection Velocity 0.8 in/sec

Injection Pressure 1552 psi
(hydraulic)

Injection Time 1.6 sec 5
Hold Pressure 900 psi
(hydraulic)

Hold Time 8 sec

Mold Coolant 210 deg.F
Temperature

Cooling Time 20 sec

Cycle Time 34.5 - 35 sec

18
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* TABLE 2: Processing Conditions for Polyetherimide.

Disc and Flexural.

Drying 6 hours at 300 deg.F

Barrel Temperatures:

Rear 575 deg.F

Center 602 deg.F

Front 630 deg.F

Nozzle 625 deg.F

Melt Temperature 610 deg.F

Screw Speed 204 rpm

Shot Size 1.85 inches

Decompression 0.1 inches

Injection Velocity 0.7 in/sec

Injection Pressure 1653 psi
(hydraulic)

Injection Time 1.4 sec

O Hold Pressure 900 psi
(hydraulic)

Back Pressure 0 psi

Hold Time 8 sec

Mold Coolant 210 deg.F
Temperature

Cooling Time 20 sec

Cycle Time 33.5 - 34 sec

19



TABLE 3: Processing Conditions for Polyphenylene Sulfide

Drying 6 hours at 275 deg.F

Barrel Temperatures:

Rear 579 deg.F

Center 618 deg.F

Front 624 deg._F

Nozzle 630 deg.F

Melt Temperature 618 deg.F

Screw Speed 132 rpm

Shot Size 1.80 inches

Decompression 0.1 inches

Injection Velocity 0.3 in/sec

Injection Pressure 900 psi
(hydraulic)

Injection Time 0.9 sec

Hold Pressure 500 psi
(hydraulic)

Back Pressure 0 psi

Hold Time 4 sec

Mold Coolant 300 deg.F
Temperature

Cooling Time 18 sec

Cycle Time 28 - 29 sec

20
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TABLE 4: Processing Conditions for Vectra A950.

Drying 10 hours at 300 deg.F

Barrel Temperatures:

Rear 536 deg.F

Center 543 deg.F

Front 548 deg.F

Nozzle 565 deg.F

Melt Temperature 552 deg.F

Screw Speed 108 rpm

Shot Size 1.75 inches

Decompression 0.1 inches

Injection Velocity 0.7 in/sec

Injection Pressure 900 psi
(hydraulic)

Injection Time 1.3 sec

Hold Pressure 500 psi
(hydraulic)

Back Pressure 0 psi

Hold Time 5.4 sec

Mold Coolant 220 deg.F
Temperature

Cooling Time 10 sec

Cycle Time 21 - 22 sec
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TABLE 5: Processing Conditions for Vectra B950.

Drying 8 hours at 300 deg.F

Barrel Temperatures:

Rear 554 deg.F

Center 571 deg.F

Front 572 deg.F

Nozzle 565 deg.F

Melt Temperature 558 deg.F

Screw Speed 168 rpm

Shot Size 1.80 inches

Decompression 0.1 inches

Injection Velocity 0.4 in/sec

Injection Pressure 900 psi
(hydraulic)

Injection Time 2.0 sec

Hold Pressure 500 psi
(hydraulic)

Back Pressure 0 psi

Hold Time 7.0 sec

Mold Coolant 190 deg.F
Temperature

Cooling Time 19 sec

Cycle Time 32 - 33 sec
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TABLE 6: Processing Conditions for HX 4000.

Drying 8 hours at 300 deg.F

Barrel Temperatures:

Rear 652 deg.F

Center 664 deg.F

Front 665 deg.F

Nozzle 642 deg.F

Melt Temperature 635 deg.F

Screw Speed 204 rpm

Shot Size 1.75 inches

Decompression 0.15 inches

Injection Velocity 0.9 in/sec

Injection Pressure 1494 psi
(hydraulic)

Injection Time 1.1 sec

Hold Pressure 855 psi
(hydraulic)

Back Pressure 0 psi

Hold Time 4.5 sec

Mold Coolant 250 deg.F
Temperature

Cooling Time 15 sec

Cycle Time 32.6 - 33.3 sec
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TABLE 7: Processing Conditions for Xydar SRT500.

Drying 10 hours at 250 deg.F

Barrel Temperatures:

Rear 651 deg.F

Center 694 deg.F

Front 726 deg.F

Nozzle 662 deg.F

Melt Temperature 705 deg.F

Screw Speed 204 rpm

Shot Size 1.79 inches

Decompression 0.1 inches

Injection Velocity 0.9 in/sec

Injection Pressure 1452 psi
(hydraulic)

Injection Time 1.1 sec
Hold Pressure 1000 psi
(hydraulic)

Back Pressure 0 psi

Hold Time 5.0 sec

Mold Coolant 300 deg.F
Temperature

Cooling Time 15 sec

Cycle Time 25 - 26 sec
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* TABLE 8: Tensile Properties for Polyetherimide.

Sample Strength % elongn. Yield % elongn. Elastic
Number at break at break strength at yield Modulus

X10 4 psi X10 4 psi X10 4 psi

1 1.300 64.37 1.721 32.99 38.99

2 1.309 60.83 1.734 32.95 39.97

3 1.284 77.99 1.696 33.54 40.08

4 1.306 75.67 1.723 32.24 38.85

5 1.298 62.48 1.719 32.01 39.28

Mean 1.299 68.27 1.718 32.75 39.43

Std. 0.009 7.96 0.013 0.62 0.562
Dev.

TABLE 9: Tensile Properties for Polyphenylene Sulfide.

* Sample Strength at % elongn. Elastic Modulus

Number break x10 4 psi at break x10 4 psi

1 0.820 9.48 40.980

2 0.956 10.94 41.600

3 0.931 11.14 41.760

4 0.873 10.04 42.78

5 1.000 12.91 40.510

Mean 0.916 10.90 41.520

Std. 0.070 1.31 0.860
Dev.
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TABLE 10: Tensile Properties for Vectra A950.

Sample Strength at % elongn. Elastic Modulus
Number break x104 psi at break x104 psi

1 1.191 13.27 86.940

2 1.655 15.20 85.940

3 2.025 20.51 96.270

4 1.917 19.80 87.690

5_ 2.077 20.75 87.880

Mean 1.773 17.91 88.94

Std. 0.416 3.44 3.637
Dev.

TABLE 11: Tensile Properties for Vectra B950.

Sample Strength at % elongn. Elastic Modulus
Number break x10 4 psi at break xl04 psi

1 1.590 9.56 138.400

2 1.396 6.89 139.900

3 1.471 6.45 140.900

4 1.282 7.63 133.100

5 1.442 7.04 137.900

Mean 1.436 7.52 138.000

Std. 0.112 1.22 0.300
Dev.

26

0



0
TABLE 12: Tensile Properties for HX 4000.

Sample Strength at % elongn. Elastic Modulus

Number break x104 psi at break x10 4 psi

1 0.328 2.44 50.760

2 0.388 3.89 44.580

3 0.502 - 6.53 46.250

4 0.489 0.65 40.910

5 0.386 0.32 40.100

Mean 0.419 2.76 44.520

Std. 0.074 0.27 4.315
Dev.

TABLE 13: Tensile Properties for Xydar SRT500.

9 Sample Strength at % elongn. Elastic Modulus
Number break x10 4 psi at break x10 4 psi

1 1.156 23.11 38.130

2 1.258 23.86 51.470

3 0.892 15.55 43.370

4 0.905 14.25 32.870

5 0.762 15.26 34.890

Mean 0.995 18.39 40.146

Std. 0.204 4.67 7.470
Dev.
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TABLE 14: Flexural Properties for Polyetherimide.

Flexural properties for Polyetherimide are reported at 5% strain.

Sample Maximum fiber Tan7 ent Modulus
Number stress xl0 psi

x10 4 psi

1 1.228 43.110

2 1.228 43.680

3 1.305 43.110

4 1.267 45.700

5 1.228 42.100

Mean 1.251 41.540

Std. 0.034 4.591
Dev.

TABLE 15: Flexural Properties for Polyphenylene Sulfide.

Sample Maximum fiber Maximum Tangent Modulus
Number stress Strain xl0 psi

x10 4 psi in/in

1 1.380 0.037 59.210

2 1.380 0.034 49.340

3 1.400 0.043 55.430

4 1.380 0.048 59.210

5 1.380 0.039 49.150

Mean 1.384 0.042 54.460

Std. 0.008 0.005 5.011
Dev.
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TABLE 16: Flexural Properties for Vectra A950.

Sample Maximum "imr Maximum Tangent Modulus 1
Number stress Strain xl0 psi

x10 4 psi in/in

1 1.689 0.040 131.000

2 1.704 0.045 114.600

3 1.612 0.042 118.700

4 1.651 0.040 122.800

5 1.704 0.035 122.800

Mean 1.672 0.040 121.900

Std. 0.039 0.003 6.081
Dev.

TABLE 17: Flexural Properties for Vectra B950.

*
Sample Maximum fiber Maximum Tan 7ent Modulus
Number stress Strain xl0 psi

x10 4 psi in/in

1 2.918 0.018 271.000

2 2.764 0.021 218.400

3 2.803 0.017 234.000

4 2.611 0.017 218.400

5 2.764 0.017 206.900

Mean 2.772 0.018 229.700

Std. 0.109 0.001 24.490
Dev.
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TABLE 18: Flexural Properties for HX 4000.

Sample Maximum fiber Maximum Tangent Modulus
Number stress Strain x10 psi

x104 psi in/in

1 2.707 0.022 182.040

2 2.810 0.023 204.800

3 2.534 0.015 204.800

4 2.649 0.022 189.030

5 2.361 0.023 163.840

Mean 2.612 0.021 188.902

std. 0.172 0.003 17.181
Dev.

TABLE 19: Flexural Properties for Xydar SRT500.

Sample Maximum fiber Maximum Tangent Modulus
Number stress Strain xl0 psi

xlO4 psi in/in

1 1.580 0.012 19.660

2 1.663 0.014 19.660

3 1.612 0.012 18.020

4 1.520 0.012 19.660

5 1.617 0.011 21.?9

Mean 1.598 0.012 19.658

Std. 0.528 0.001 1.156
Dev.
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TABLE 20: Compressive Properties for Polyetherimide.

Sample Compressive Compression Modulus of
Number Strength at break Elasticity

x10 4 psi in x10 4 psi

1 1.993 0.168 25.880

2 1.678 0.133 22.700

3 1.913 0.183 23.840

4 1.982 0.181 24.450

5 1.908 0.187 24.020

Mean 1.896 0.170 24.170

Std. C.123 0.022 1.150
Dev.

TABLE 21: Compressive Properties for Polyphenylene Sulfide.

Sample Compressive Compression Modulus of
Number Strength at break Elasticity

xl04 psi in x104 psi

1 1.624 0.122 27.280

2 1.624 0.125 27.630

3 1.617 0.166 26.900

4 1.554 0.116 26.960

5 1.704 0.129 28.100

Mean 1.624 0.131 27.370

Std. 0.053 0.019 0.501
Dev.
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TABLE 22: Compressive Properties for Vectra A950.

Sample Compressive Compression Modulus of
Number Strength at break Elasticity

x104 psi in X10 4 psi

1 0.778 0.071 22.060

2 0.893 0.120 22.530

3 0.867 0.140 22.250

4 0.928 0.148 26.440

5 0.930 0.189 20.100

Mean 0.879 0.134 22.720

Std. 0.062 0.043 2.303
Dev.

TABLE 23: Compressive Properties for Vectra B950.

Sample Compressive Compression Modulus of
Number Strength at break Elasticity

x104 psi in x10 4 psi

1 1.413 0.139 53.770

2 1.591 0.160 52.590

3 1.240 0.121 45.330

4 1.267 0.112 44.500

5 1.418 0.143 50.500

Mean 1.385 0.135 49.330

Std. 0.140 0.018 4.214
Dev.
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* TABLE 21: Compressive Properties for Xydar SRT500.

Sample Compressive Compression Modulus of
Number Strength at break Elasticity

x104 psi in X10 4 psi

1 0.838 0.115 76.840

2 0.732 0.143 61.990

3 0.771 0.137 77.870

4 0.939 0.185 67.660

5 0.796 0.126 79.300

Mean 0.815 0.141 72.730

Std. 0.116 0.079 23.840
Dev.
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TABLE 25: Comparision of Evaluated Properties to Published

Properties

Ultem Vectra HX
A950 4000

Prop. Units Manuf. Eval. Manuf. Eval. Manuf. Eal.

Ten.St psi. 1.52 1.299 2.30 1.773 1.30 0.419
x 104

Ten. psi ---- 39.43 160.00 88.94 310.00 44.52
Mod x 104

Elong. % 60 68.27 ------- ------ 0.5 0.22

Flex. psi 48.00 41.54 ------- ------ 230.00 188.9
Mod. x 104

Flex. psi 2.20 1.251 -------------- 3.310 2.612
st. x 10 4  1

Comp. psi 2.19 1.896 ---- --

St. x 104

Comp. psi 48.00 24.17 ----

Mod. x 104

notel: the properties of Vectra B950, Fortron and Xydar SRT500 are
not available.
note2: ---- indicates, that particular value was not available.
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TABLE 26: Empircal Values of Shear modulus and Bulk Modulus

Material Poisson's Shear Modulus Bulk Modulus

Ratio psi X 104 psi X IO4

Ultem 0.36i 14.603 106.46

Fortron 0.38i 14.828 116.256

Vectra A950 0.41i 31.76 249.032

Vectra B950 0.41i 49.285 386.400

Xydar SRT500 0.4ii 14.337 112.408

HX 4000 0.4ii 15.90 124.650

published values

ii assumed values

0
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- Fig 1: Tensile Modulus
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Fig 2: Tensile Strength
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VI. CONCLUSIONS

From the above experimental work done in molding and testing

samples of Polyetherimide, Polyphenylene Sulfide, Vectra A950,

Vectra B950, HX 4000 and Xydar SRT500. it is concluded that,

(i) The Polyetherimide, Polyphenylene Sulfide, Vectra A95? and

Vectra B950 materials could be molded satisfactorily on

conventional equipment to produce satispactory specimens for

testing,

(ii) Problems were encountered in molding samples from the HX 4000

and Xidar SRT500 materials. Machine modifications including high

tem.perature controllers and possibly a different screw design may

be required for satisfactory processing.

Warpage of the 4 inch diameter disc for RX 4000 was a major

problem, which could not be corrected,

(iv) The injection molded samples of Xydar SRT500 and HX4000 were

not satisfactory due to non-uniformity of the melt This problei,,

may affe-t the measured property values,

,,v) The measured tensile modulus for Vectra A950 is higher tharn for

t h.e ot•h.er tested materials,

(vi) The measured flexural modulus for HX 4000 is higher than for

the other materials, although the maximum fiber stress is lower

than other materials,

(vii The measured compressive modulus for Xydar SRT500 is higher

than other materials although the compressive strength is lower for

-"he other materials.
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VII. RECOMMENDATIONS FOR FUTURE WORK

After completing the above experimental work and analyzing the

results, it is recommended that,

(i) The materialf should be processed under different operating

conditions and their properties analyzed,

(ii) Future research work should be done to evaluate the reasons

for warpage in injection molding of HX 4000,

(iii) Since the mechanical properties of liquid crystal polymers

are greatly dependent on gate designs, different types of gates

should be evaluated,

(iv) A machine which is capable of reaching the barrel temperatures

up to 800 deg.F should be used to process Xydar SRT500 to obtain

good melt homogenity,

(v) The size and shape of pellets for HX 4000 and Xydar SRTS00

should be given consideration in future work for this affects the

melt homogenity.
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APPENDIX A

Short Shot Method



SHORT SHOT METHOD

S NOTES:
1. Assumes mold temperature is preset
2. Assumes melt temperature is preset
3. Only use this method Lv mold can accept a short shot without damage
4. Steps must be followed in the order given

STEPS:
1. SETTING SHOT SIZE

a. Set holding pressure to ZERO
b. Set holding time to ZERO
c. Set Injection speed to MEDIUM TO FAST
d. Set Injection (1st stage) time to a value GREATER than will be necessary

to fill the mold
e. Set Injectibn (1st stage) pressure to a value GREATER than will be

necessary to fME the mold
f. Set shot size to a value SMALLER than will be necessary to fill the mold
g. Make a shot--the product should be SHORT
h. Continue making shots, gradually INCITEASING shot size--when the part

is 95-98% filled, the shot size is OK. (Note: The screw must be bottommirn
out at this stage. T-here must be NO CUSHION)

2. CHECKING INJECTION SPEED
a. Run some shots with the conditions as in 1.h--check if:

(i) Jetting/burning or discoloration near gate/dieseling--if so.
REDUCE injection speed until problems go away

(ii) Cold flow marks--if so INCREASE injection speed until problems
go away

3. S =ING INJECTION PRESSURE
a. Continuing from step 2.a, set injection (1st stage) pressure to LOW
b. Make a shot-- the product should be SHORT
c. Continue making shots, gradually INCREASING Injection pressure--

when the part is 95-98% filled, matching the appearance in step 2.a. the
injection pressure is OK. (Note: The screw must be bottomming out at this
stage. There must be NO CUSHION)

4. SETTING INJECTION TIME
a. Continuing from step 3.c. set injection (Ist stage) time to LOW
b. Make a shot-- the product should be SHORT
c. Conunue malding shots, gradually INCREASING injection ti-ne--when

the part. is 95-98% filled, matching the appep-ance in step 3.c, the
injection (ist stage) pressure is OK. (Noe: •'t screw must be bottomming
out at this stage. There must be NO CUSH70N)

5. SETI=NG HOLDING TIME
a. Continuing from step 4.c. increase shot ize by 5 - 10%.
b. Make a shot--the part should look like -*.c. but now a CUSHION is present
c. Adjust holding (2nd stage) pressure to !0 - 60% of injection (1st stage)

value. Check that holding time is still ZERO.
d. Make a shot--the part should still oc the same
e. Continue making shots, gradually INJREASING holding time. Weigh the

product at each time increment, until the weight stops increasing
significantly. The holding time is now OK

R. E. Nunn 3/16/91
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APPENDIX B

Machine Modification

S



* The maximum barrel temperatures for the injection molding machine

is 690 deg.F. This limit is set in the microprocessor control. If

the temperature increases beyond this limit, the heater bands shuts

off. With this temperature setting, it was not possible to process

Xydar SRT500, which needs barrel temperature profile of 725 deg.F

to 800 deg.F. This machine had three heating zones in the barrel.

In order to increase the barrel temperature to the required value,

we had to connect a potentiometer in between the microprocessor and

the outlet of middle zone thermocouple. This potentiometer reduces

the temperature reading from the thermocouple and fed the reduced

value to the microprocessor. By varying the resistance in the

potentiometer we could vary the barrel middle zone temperature. So,

the microprocessor would actually read lower values than actual

* values. But this type of controller was not stable for long times

(15 - 20 mins). The temperature used to vary by +/- 25 deg.F. By

using this type of potentiometer we were able to process Xydar

SRT500, though the samples were not satisfactory. Figure 8 shows

the circuit diagram of the potentiometer.
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APPENDIX C

ASTM Test Procedures

0

0



/40Derignation: D 790 - 84a

Standard Test Methods for
FLEXURAL PROPERTIES OF UNREINFORCED AND
REINFORCED PLASTICS AND ELECTRICAL INSULATING
MATERIALS'

This standard is issued under the fixed designation D 790; the number immediately following the designation indicates the
year of orginal adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the Year of last
rapproval. A superscript epsilon e) indicates an editorial change since the last revison or reapproval.
This method has been approvedfor use by agencies of the Department of Defense to replace Method 1031 of Federal Test Method
Standard 406 andfor listing in the DoD Index of Specifications and Standards.

1. Scope 1.5 This standard may involve hazardous ma-
1.1 These test methods cover the determina- terials, operations, and equipment. This standard

tion of flexural properties of unreinforced and does not purport to address all of the safety prob-
reinforced plastics, including high-modulus corn- lems associated with its use. It is the responsibil-
posites, and electrical insulating materials in the ity of whoever uses this standard to consult and
form of rectangular bars molded directly or cut eswblish appropriate safety and health practices
from sheets, plates, or molded shapes. These test and determine the applicability of regulatory limi-
methods are generally applicable to rigid and tations prior to use.
semirigid materials. However, flexural strength 2. Applicable Documents
cannot be determined for !."se materials that du
not break or that do not fail in the outer fibers. 2.1 ASTM Standards:STwo methods of test are described as follows: D 618 Methods of Conditioning Plastics and

1. .1 Method I-A three-point loading sys- Electrical Insulating Materials for Testing2

tem utilizing center loading on a simply sup- D 638 Test Method for Tensile Properties of
ported beam. Plasti&

1.1.2 Method I1-A four-point loading sys- D 4066 Specification for Nylon Injection and
. tern utilizing two load points equally spaced Extrusion Materials 3

from their adjacent support points, with a dis- E 4 Methods of Load Verification of Testing
tance between load points of either one-third Machines'
or one-half of the support span. 3. Summary of Methods

1.2 Either test method can be used with the
two procedures that follow: 3.1 A bar of rectangular cross section is

1.2.1 Procedure A, designed principally for tested in flexure as a beam as follows:
materials that break at comparatively small 3.1.1 Method I-The bar rests on two sup-
deflections. ports and is loaded by means of a loading nose

41.2.2 Procedure B, designed particularly for midway between the supports (see Fig. 1).
those materials that undergo large deflections 3.1.2 Method 11-The bar rests on two sup-
during testing. ports and is loaded at two points (by means of

n 1.3 Comparative tests may be run according
to either test method or procedure, provided that 'These test methods ar under the jurisdiction of ASTM
test method or procedure is found satisfactory Committee D-20 on Plastics and am the direct responsibility offor the material being teed. Subcommittee D20. 10 on Mechanical Prerte.r tCurrent edition approved May 25 and July 27, 1984. Pub-1.4 The values stated in SI units are to be lished September 1984. Originally published as D 790 - 70. Last
Sregarded as the standard. previous edition D 790 - 8 S.2 Annual Book of ASTM Standards. Vol 08.01.Norm I-A complete metric companion to Test 'Annual Boo,' of ASTM Standards. Vol 08.03.
Method D 790 has been developed-D 790M. 'Annual Book of ASTM Standards. Vol 03.01.

: . .. .. , i I I I397



4~0790
two loading noses), each an equal distance from specimens 3.2 mm (% in.) or greater in depth
the adjacent support point. The distance be- the radius of the supports may be up to 1.5
tween the loading noses (that is, the load span) times the specimen depth. They sbar1 be this
is either one-third or one-half of the support large if significant indentation or compressive
span (see Fig. 2). failure occurs. The arc of the loading nose in

3.2 The specimen is deflected until rupture contact with the specimen shall be sufficiently
occurs in the outer fibers or until the maximum large to prevent contact of the specimen with
fiber strain (see 11.9) of 5 % is reached, whichever the sides of the nose or noses (see Fig. I for
occurs Ji. Method I, Fig. 3 for Method II).

4. Significance and Use 6. Test Specimens
4.1 Flexural properties determined by Method 6.1 The specimens may be cut from sheets,

I are especially useful for quality control anc plates, or molded shapes, or may be molded to
specification purposes. the desired finished dimensions.

4.2 Materials that do not fail at the point of NOTE 2-Any necessary polishing of specimens
maximum stress under Method I should be shall be done only in the lengthwise direction of the
tested by Method II. Flexural properties deter- specimen.

mined by Method II are also useful for quality 6.2 Sheet Materials (except laminated ther-

control and specification purposes. The basic mosetting materials and certain materials used

difference between the two test methods is in the for electrical insulation, including vulcanized
location of the maximum bending moment and fiber and glass bonded mica):

maximum axial fiber stresses. The maximum 6.2.1 Materials 1.6 mm (/is in.) or Greater in

axial fiber stresses occur on a line under the Thickness-For flatwise tests the depth of the

loading nose in Method I and over the area specimen shall be the thickness of the material-

between the loading noses in Method 11 For edgewise tests, the width of the specimen

4.3 Flexural properties may vary with spec- shall be the thickness of the sheet and the depth

imen depth, temperature, atmospheric condi- shall not exceed the width (see Notes 3 and 4).

tions, and the difference in rate of straining For all tests, the support span shall be 16
specified in Procedures A and B (see also Note (tolerance +4 or -2) times the depth of the7). beam. Specimen width shall not exceed one-

5. Apparatus fourth of the support span for specimens greater
than 3.2 mm. (% in.) in depth. Specimens 3.2

5.1 Testing Machine-A properly calibrated mm (Vs in.) or less in depth shall be 12.7 mm
testing machine that can be operated at con- (½ in.) in width. The specimen shall be long
stant rates of crosshead motion over the range enough to allow for overhanging on each end
indicated, and in which the error in the load of at least 10 % of the support span, but in no
measuring system shall not exceed ± I% of case less than 6.4 mm (1/4 in.) on each end.
maximum load expected to be measured. It Overhang shall be sufficient to prevent the
shall be equipped with a deflection-measuring specimen from slipping through the supports,
device. The stiffness of the testing machine NoT 3-Whenever possible. the original surface
shall be such that the total elastic deformation of the sheet shall be unaltered. However, where test-
of the system does not exceed 1 % of the total ing machine limitations make it impossible to follow
deflection of the test specimen during test, or the above criterion on the unaltered sheet, one or
appropriate corrections shall be made. The both surfaces shall be machined to provide the de-

sired dimensions, and the location of the specimens
load-indicating mechanism shall be essentially with reference to the total depth shall be noted. The,
free from inertial lag at the crosshead rate used. value obtained on specimens with machined surfaces
The accuracy of the testing machine shall be may differ from those obtained on specimens with
verified in accordance with Methods E 4. original surfaces. Consequently, any specifications

5.2 Loading Noses and Supports-The load- for flexural properties on the thickersheets must state.
whether the original surfaces are to be retained or

ing nose or noses and supports shall have cylin- not. When only one surface was machined, it must
drical surfaces. In order to avoid excessive in- be stated whether the machined surface was on the
dentation, or failure due to stress concentration tension or compression side of the beam.
directly under the loading nose or noses, the NoT 4-Edgewise tests are not applicable for

sheets that are so thin that specimens meeting these
radius of the nose or noses and supports shall requirements cannot be cut. If specimen depth ex-
be at least 3.2 mm (/s in.) for all specimens. For ceeds the width, buckling may occur.
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6.2.2 Materials Less than 1.6 mm (%G in.) in span-to-depth ratios are 16:1, 32:1, and 4
Thickness-The specimen shall be 50.8 mm (2 However, for some highly anisotropic comp
in.) long by 12.7 mm (½ in.) wide, tested flat- ites, shear deformation can significantly infi
wise on a 25.4-mm (1-in.) support span. ence modulus measurements, even at span-to

Non 5-Useoftheformulasforsimplebeamscited depth ratios as high as 40:1. Hence, for these
in these test methods for calculating results presumes materials, an increase in span-to-depth ratio to
that beam width is small in comparison with the sup- 60:1 is recommended to eliminate shear effects
port span. Therefore, the formulas do not apply rigor- when modulus data are required. It should also
ously to these dimensions.

Nom 6&-Where machine sensitivity is such that be noted that the flexural modulus of highly
specimens of these dimensions cannot be measured, anisotropic laminates is a strong function of
wider specimens or shorter support spans, or both ply-stacking sequence and will not necessarily
may be used, provided the support span-to-depth correlate with tensile modulus, which is not
ratio is at least 14 to 1. All dimensions must be stated stacking-sequence dependentiii the report (see also Note 5). sakn-eunedpnet

NomE 7-As a general rule, support span-to-depth
6.3 Laminated Thermosetting Materials and ratios of 16 are satisfactory" when the ratio of the

Sheet and Plate Materials Used for Electrical tensile strength to shear strength is less than 8 to 1,
Insulation, Including Vulcanized Fiber and but the support span-to-depth ratio must be increased
Glass-Bonded Mica-Test the specimens in ac- for composite laminates having relatively low shear

strength in the plane of the laminate and relatively
cordance with Table 3 for Method F, and Table r high tensile strength parallel to the support span.2 or 3 for Method 11. For paper-base and fabric-

base grades over 25.4 mm (1 in.) in nominal 7. Number of Test Specimens
thickness, the specimens shall be machined on 7.1 At least five specimens shall be tested for
both surfaces to a depth of 25.4 mm (I in.). For each sample in the case of isotropic materials
glass-base and nylon-base grades, specimens or molded specimens.
over 12.7 mm (½ in.) in nominal depth shall be 7.2 For each sample of anisotropic material
machined on both surfaces to a depth of 12.7 in sheet form, at least five specimens shall be
mm (½ in.). The support span-to-depth ratio tested for each of the following conditions.
shall be chosen such that failures occur in the Recommended conditions are flatwise and
outer fibers of the specimens, due only to the edgewise tests on specimens cut in lengthwise
bending moment (Note 7). Three recom- and crosswise directions of the sheet. For pur-
mended support span-to-depth ratios are 16, 32 poses of this test, "lengthwise" shall designate
and 40 to I. When laminated materials exhibit the principal axis of anisotropy and shall be
low compressive strength perpendicular to the interpreted to mean the direction of the sheet
laminations, they shail be lo3ded with a large known to be stronger in flexure. "Crosswise"
radius loading nose (up to 4 times the specimen shall be the sheet direction known to be the
depth for Method I and 1.5 times the specimen weaker in flexure, and shall be at 900 to the
depth for Method II) to prevent premature lengthwise direction.
damage to the outer fibers.

6.4 Molding Materials (Thermoplastics and 8. Conditioning
Thermosets)-The recommended specimen for 8.1 Conditioning-Condition the test speci-
molding materials is 127 by 12.7 by 3.2 mm (5 mens at 23 ±_ 20C (73.4 :t 3.60F) and 50 t 5 %
by 1/2 by Ys in.) tested flatwise on a support span, relative humidity for not less than 40 h prior to
resulting in a support span-to-depth ratio of 16 test in accordance with Procedure A of Meth-
(tolerance +4 or -2). Thicker specimens should ods D 618 for those tests where conditioning is
be avoided if they exhibit significant shrink required. In cases of disagreement, the toler-K
marks or bubbles when molded. ances shall be -tI±C (:tl.8"F) and ±2 % relative-"

6.5 High-Strength Reinforced Composites, humidity.
Including Highly Orthotropic Laminates-S pec- 8.1.1 Note that for some hygroscopic mate-
imens shall be tested in accordance with Table rials, such as nylons, the material specifications
I for Method I, and Table 2 or 3 for Method (for example, Specification D 4066) call for test-
II. The support span-to-depth ratio shall be ing -dry as-molded specimens". Such require-
chosen such that failures occur in the outer ments take precedence over the above routine
fibers of the specimens, due only to the bending preconditioning to 50 % RH and require sealing
moment (Note 7). Three recommended support the specimens in water vapor-impermeable con-
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tainers as soon as molded and not removing them being mounted stationary relative to the speci-
until ready for testing, men supports, or by measurement of the motion

8.2 Test Condiaons--Conduct tests in the of the loading nose relative to the supports. In
Standard Laboratory Atmosphere of 23 ± 2"C either case, make appropriate correr-tions for
(73.4 ± 3,60F) and 50 ± 5 % relative humidity, indentation in the specimens and deflections in
unless otherwise specified in the test methods the weighing system of the machine. Load-de-
zr in this specification. In cases of disagree- flection curves may be plotted to determine the
ment, the tolerances shall be ±IC (±-.8°F) flexural yield strength, secant or tangent mod-

and ±2 % relative humidity. ulus of elasticity, and the total work measured
by the area under the load-deflection curve. •

9. Procedure 9.1.6 Terminate the test if the maximum
9.1 Method I--Procedure A: strain in the outer fibers has reached 0.05 min/
9.1.1 Use an untested specimen for each mm (in /in.) (Notes 8 and 9). The deflecticn

measurement. Measure the width and depth of at which this strain occurs may be calculated
the specimen to the nearest 0.03 mm (0.001 in.) by letting r equal 0.05 mm/mm (in./in.) as
at the center of the support span. For specimens follows:
less than 2.54 mm (0. 100 in.) in depth, measure D - rL2 /6d (2)
the depth to the nearest 0.003 mm (0.0001 in.).

9.1.2 Determine the support span to be used where:

as described in Section 6 and set the support D = midspan deflection, mm (in.),

span to within I % of the determined value. r = strain, mam/mm (in./in.),

9.1.3 If Table I is used, set the machine to L = support span, mm (in.), and

the specified rate of crosshead motion, or as d - depth of beam, mm (in.).

near as possible to it. If Table I is not used, NoTE 8-For some materials the increase in strai
calculate the rate of crosshead motion as fol- rate provided under Procedure B may induce ,he
lows and set the machine for the calculated specimen to yield or rupture. or both. within the
rate, or as near as possible to it: required 5 % strain limit.

NoTE 9-Beyond 5 % strain, these test methods are
R - ZL 2/6d (1) not applicable, and some other property might be mea-

where: sured (for example Test Method D 638 may be consid-

R = rate of crosshead motion, mm (in.)/min,

L = support span, mm (in.), 9.2 Method II- Procedure A:

d = depth of beam, mm (in.), and 9.2.1 See 9.1.1
Z = rate of straining of the outer fiber, mm/ 9.2.2 See 9.1.2.

mm.min (in./it..rv). Z shall equal 9.2.3 If Table 2 or 3 is used, set the machine
0.01. as close as possible to the specified rate of

In no case shall the actual crosshead rate differ crosshead motion. If Table 2 or 3 is not used,
from that specified by Table 1, or that calcu- calculate the rate of crosshead motion as fol-
lated from Eq 1, by more than ±50 %. lows, and set the machine as near as possible to

9.1.4 Align the loading nuse and supports so that calculated rate for a load span of one-third
that the axes of the cylindrical surfaces are of the support span:
parallel and the loading nose is midway be- R - 0.185ZL'!d (0a)
tween the supports. The parallelism may be For a load span of one-half of the support
checked by means of a plate with parallel span:
grooves into which the loading nose and sup-
ports will fit when properly aligned. Center the R - 0.167ZL2/d (lb)
specimen on the supports, with the long axis of where:
the specimen perpendicular to the loading nose R = rate of crosshead motion, mm (in.)/min,
and supports. L = support span, mnm (in.),

9.1.5 Apply the load to the specimen at the d - depth of beam, mm (in.), and
specified crosshead rate, and take simultaneous Z = rate of straining of the outer fibers. mm!
load-deflection data. Measure deflection either mm (in./in.). min, Z shall equal 0.01.
by a gage under the specimen in contact with In no case shall the actual crosshead rate differ
it at the center of the support span, the gage from that specified by Table 2 or 3. or that
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calculated from Eq. Ia or lb, by more than men by the time the maximum strain in the
±50 %. outer fibers has reached 0.05 mm/rmm (in./in.),

9.2.4 Align the loading noses and supports discontinue the test (Note 9).
so that the axes of the cylindrical surfaces are
parallel and the load span is either one-third or 10. Retests
one-half of the support span. This parallelism 10.1 Values for properties at rupture shall
may be checked by means of a plate containing not be calculated for any specimen that breaks
parallel grooves into which the loading noses at some obvious, fortuitous flaw, unless such
and supports will fit when properly aligned. flaws constitute a variable being studied. Re-
Center the specimen on the supports, with the tests shall be made for any specimen on which
"long axis of the specimen perpendicular to the values are not calculated.
loading noses and supports. The loading nose
assembly shall be of the type which will not 11. Calculations
-rotate.

9.2.5 Apply the load to the specimen at the 11.1 Maximum Fiber Stress, Method I-
specified crosshead rate, and take simultaneous When a beaim of homogeneous, elastic material
load-deflection data. Measure deflection by a is tested in flexure as a simple beam supported
gage under the specimen in contact with it at at two points and loaded at the midpoint, the
the common center of the spans, the gage being maximum stress in the outer fibers occurs at
mounted stationary relative to the specimen midspan. This stress may be calculated for any
supports. Make appropriate corrections for in- point on the load-deflection curve by the fol-
dentation in the specimens and deflections in lowing equation (Notes 10 and 11):
the weighing system of the machine. Load-de- S - 3PL/2bd2 (3)
flection curves may be plotted to determine the where:
flexural yield strength, secant or tangent mod- S - stress in the outer fibers at midspan. N/
ulus of elasticity, and the total work measured m2 (psi),
by the area under the load-deflection curve. P = load at a given point on the load-deflec-

9.2.6 If no break has occurred in a specimen tion curve, N (lbf),
by the time the maximum strain in the outer L = support span, m (in.),
fibers has reached 0.05 mm/mm (in./in.), dis- b - width of beam tested, m (in.), and
continue the test (Notes 8 and 9). The deflection d = depth of beam tested, m (in.).
a, which this strain o~urs may be calculated NoTE 10-Equation 3 applies strictly to materials
by letting r equal 0.05 mm/mm (in./in.) as for which the stress is linearly proportional to strain
follows for a load span of one-third of the up to the point of rupture and for which the strains
support span: are small. Since this is not always the case, a slight

D - 0.2 IrLV/d (2a) error will be introduced in the use of this equation.
The equation will, however, be valid for comparison

For a load span of one-half of the support data and specification values up to the maximum fiber
span: strain of 5 % for specimens tested by the procedure

herein described. It should be noted that the maximum
D - 0.23rL2/d (2b) stress may not occur in the outer fibers for a highly

where: orthotropic laminate'. Laminated beam theory must beapplied to determine the maximum tensile stress at
D - midspan deflection, mm (in.), failure. Thus, Eq 3 yields an apparent strength based
r - strain, mm per mm (in. per in.), on homogeneous beam theory. This apparent strength
L - support span, mm (in.), and is highly dependent on the ply-stacking sequence for
d =depth of beam, mm (in.). highly orthotropic laminates.NoTm I I-The above calculation is not valid if9.3 Methods I and HI, Procedure B: the specimen is slipping excessively between the sup-

9.3.1 Use an untested specimen for each ports.
measurement. 11.2 Maximum Fiber Stressfor Beams Tested

9.3.2 Test conditions shall be identical to
those described in 9.1 or 9.2, except that the rate
of straining of the outer fibers shall be 0.10 mm/ 5 For Ue theo•ucal details. see Whitney, 1. M.. Browning.mm (in./in.)/min. C. E., and Mar. A.. "Analyis of the Ulextim Test for Laminated

Composite Maerials." Composite Materwab: Testing and Dr-9.3.3 If no break has occurred in the speci- sign (Third Conference), ASTM STP 546. 1974. pp. 30-45.
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at Large Support Spans, Method I-If support one-third of the support span:
span-to-depth ratios greater than 16 to I are S - (PL/bdF)
used such that deflections in excess of 10 % of . + (4.70D2/L2) - (7.04Dd/L2 )) (3d)
the support span occur, the maximum stress for For a load span of one-half of the support
a simple beam can be reasonably approximated
with the following equation (Note 12): spa.(
S - (3PL/2bd2) S- (3PL/4bd2).[I-(I1.91Dd/L3)] (3e)

.(I + 6(D/L)2 - 4(d/L)(D/L)] (3a) where S, PA L, b, and d are the same as for Eq
where S, P, L, b, and d are the same as for Eq 3b and D - maximum deflection of the center
3 and D is the d".flection in m (in.) of the of the beam in m (in.).
centerline of the spec .nin at the middle of the 11.5 Flexural Strength (Modulus of Rup-
support span. ture)-The flexural strength is equal to the

maximum stress in the outer fibers at the mo-
NoTE 12-When large support span-to-depth ra- ment of break (for highly orthotropic lami-

tios are used, significant end forces are developed at
the supports which affect the moment in a simply nates, see Note 10). It is calculated in accord-
supported beam. An approximate correction factor is ance with Eq 3, 3a, 3b, 3c, 3d, and 3e by letting
given in Eq 3a to correct for these end forces in large P equal the load at the moment of break. If the
support span-to-depth ratio beams where relatively material does not break, this part of the test is
large deflections exist. not applicable. In this case, it is suggested that

11.3 Maximum Fiber Stress, Method IH- yield strength, if applicable, be calculated and
When a beam is loaded in flexure at two central that the corresponding strain be reported also
points and supported at two outer points, the (see 11.6, 11.8, and 11.9).
maximum stress in the outer fibers occurs be- 11.6 Flexural Yield Strength-Some mate-
tween the two central loading points that define rials that do not break at outer fiber strains up
.the load span (Fig. 2). This stress may be to 5 % may give load-deflection curves that
calculated for any point on the load-deflection show a point, Y, at which the load does not
curve for relatively small deflections by the increase with an increase in deflection. In such 9
following equation for a load span of one-third cases, the flexural yield strength may be cal-
of the support span (Note 13): culated in accordance with Eq 3, 3a, 3b, or 3c

S - PL/bd 2 (3b) by letting P equal the load at point Y.
Fseh11.7 Fiexural Offset Yield Strength-OffsetS For a load span of one-half of the support yield strength is the stress at which the stress-f span:snstrain curve deviates by a given strain (offset)

S - 3PL/4bd2  (3c) from the tangent to the initial straight line
where: portion of the stress-strain curve. The value of
S = stress in the outer fiber throughout the the offset must be given whenever this property

load span, N/m 2 (psi), is calculated.
P = load at a given point on the load-deflec- NOTE 14-This value may differ from flexural yield

tion curve, N (Ibf), strength defined in t 1.6. Both methods of calculation
L = support span, m (in.), are described in the Annex to Test Method D 638.
b = width of beam, m fin.), and
d = depth of beam, m (in.). 11.8 Stress at a Given Strain-Themaximum

NoTE 13-The limitations defined for Eq 3 in fiber stress at any given strain may be calcu-
Notes 10 and I I apply also to Eq 3a, 3b, 3c, 3d, and lated in accordance with Eq 3, 3a, 3b, 3c, 3d,
3e. and 3e by letting P equal the load read from

11.4 Maximum Fiber Stress-Method II- the load-deflection curve at the deflection cor-
for Beams Tested at Large Support Spans-If responding to the desired strain (for highly

support span-to-depth ratios greater than 16 to orthatropic Laminates, see Note 10).

I are used with resultant deflections in excess u s train ih te o occur at
of 10 % of the support span occuring, the max- um strain in the outer fibers also occurs at
imum stress may be reasonably approximated midspan, and may be calculated as follows:
with the following formula for a load span of r - 6Dd/L' (4)
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where: corresponding strain and shall be expressed in
r = maximum strain in the outer fibers, mam/ newtons per square meter (pounds per square

mm (in./in.), inch). It is calculated by drawing a tangent to
D - maximum deflection of the center of the the steepest initial straight-line portion of the

beam, mm (in.), load-deflection curve and using Eq 5a for a
L - support span, mm (in.), and load span of one-third the support span, and
d = depth, mm (in.). Eq 5b for a load span of one-half of the support

11.10 Maximum Strain, Method Il-The span, as follows:
maximum strain in the outer fibers also occur E4 - 0.21L 3 rn/bda (5a)
at midspan. and may be calculated as follows
for a load span of one-third of the support
span: where EL, m, L, b. and d are the same as for Eq

-4.7ODdL 2  (4a) 5 (for highly anisotropic composites, see Note
15).

For load span of one-half of the support span: 11.1 ! .3 Secant Modulus of Elasticity-The
r - 4.36Dd/L 2  (4b) secant modulus of elasticity is the ratio of stress

where A d, L, and r are the same as for Eq 2a. to corresponding strain at any given point on
11.11 Modulus of Elasticity: the stress-strain curve, or the slope of the

11. 11.1 Tangent Modulus of Elasticity, straight line that joins the origin and a selected
Method I-The tangent modulus of elasticity, point on the actual stress-strain curve. It shall

often cailed the "modulus of elasticity," t We be expressed in newtons per square meter

ratio. within the elastic limit of stress to corre- (pounds per square inch). The selected point is

sponding strain and shall be expressed in new- generally chosen at a specified stress or strain.

tons per square meter (pounds per square inch). It is calculated in accordance with Eq 5 or 5a
It is calculated by drawi_._a tangent to the by letting m equal the slope of the secant to the

steepetinitial str ht-linepodt f the load- load-deflection curve.
-e-flection an5q (5 highly 11.12 Arithmetic Mean-For each series of

anisotropc composites, see Note 15). tests, the arithmetic mean of all values obtained
SEB = Lam/4ba / (5) shall be calculated to three significant figures

where: and reported as the "average value" for the

£ nmodulusonding, N/mn particular property in question.
11.13 Standard Deviation- The standard de-

(psi), viation (estimated) shall be calculated as fol-
L = support span, m (in.), lows and reported in two significant figures:b = width of beam tested, m (in.).

d = depth of beam tested, m (in.), and S= n 1- T
m = slope of the tangent to the initial I

straight-line portion of the load-deflec- where:
tion curve, N/m (lbf/in.) of deflection. s = estimated standard deviation,

NoTE 15-Shear deflections can seriously reduce the X - value of single observation,
apparent modulus of highly anisotropic composites n - number of observations, and
when they are tested at low span-to-depth ratios'. For -

this reason, a span-to-depth ratio of 60 to I is recom- X - arithmetic mean of the set of observa-
mended for flexural modulus determinations. Flexural tions.
strength should be determined on a separate set of 11.4 See Appendix XI for information on
replicate specimens at a lower span-to-depth ratio that toe compensation.
induces tensile failures in the outer fibers of the beam
along its lower face. Since the flexural modulus ofhighly 12. Report
anisotropic laminates is a critical function of ply-stack-
ing sequence, it will not necessarily correlate with ten- 12.1 The report shall include the following:
sile modulus, which is not stacking-sequence depend-
e ent. 'For a discussion of thee effect. see Zweben. C.. Smith. W,

11.11.2 Tangent Modulus of Elasticity, S.. and Wardle. M. W. "Test Methods for Fiber Tensile
Strength. Composite Flexural Modulus. and Properties of Fab-

Method Il-The tangent modulus of elasticity nc-R.wiolurced Laminates," Composite Materais: Testing and

is the ratio, within the elastic limit, of stress to Design (Fifth Conference]. ASTM STP 674. 1979. pp. 228-262.
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~.,., t•,J,,p• ,.,ULiiIkdLUfla 01 Ln0 mate- uLcity in DenaLng, average value, standard de-
rial tested, including type, source, manufac- viation, and the strain level used if secant mod-
turer's code number, form, principal dimen- ulus.
sions, and previous history. For laminated ma- 12.1.14 Flexural yield strength (if desired),
terials, ply-stacking sequence shali be reported. average value, and standard deviation.

12.1.2 Direction of cutting and loading spec- 12.1.15 Flexural offset yield strength (if de-
imens. sired), with offset or strain used, average value, W

12.1.3 Conditioning procedure. and standard deviation.
12.1.4 Depth and width of specimen. 12.1.16 Stress at any given strain up to and
12.1.5 Method used. including 5 % (if desired), with strain used,
12.1.6 Procedure used. average value, and standard deviation.
12.1.7 Support span length.
12.1.8 Support span-to-depth ratio.
12.1.9 Radius of supports and loading noses. 13. Precision
12. 1. 10 Rate of crosshead motion. 13.1 Reproducibility between specimens is
12.1.11 Maximum strain in the outer fibers approximately ±5 % for homogeneous mate-

of the specimen. rials tested.
_ 1..12 Flexuril strength (if applicable), av- 13.2 Round-robin test data on flexural

erage value, and standard deviation, method comparisons are on file at ASTM
12.1.13 Tangent or secant modulus of elas- Hcadquarters as RR 67:D-20.
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TABLE 2 ReCeumemied Dimefsiose for Test SPecimens of Secdoes 6.3 Nd 6.3 for Vaious Suppor Spa-to-Dept•
Radp (See Note 7)

Method II [4-Point Loading at % Points. Fig. 2(A)]

Nominal Sped- Specimen Rate of Croe• .
Nmn epeh- Spdthen Specimen Lenth Support pan. mmm L _ head Motion
me, Depth, Width, mi mman. ) (in) (Procedur A)

mm (in.) (in.) m1m (,,)/amin"
L/d-. I6tolI

1.6 (½.) 25(l) 51 (2) 25 (1) 8.4 (0.33) 0.7 (0.03)
2.4 (3) 25 (1) 64 (24) 38 (1V) 12.7 (0.50) 1.1 (0.04)
3.2(%4) 25(I) 76 (3) 51 (2) 17.0 (0.67) 1-5 (0.06)

4.8 (N.) 13 (½) 102 (4) 76 (3) 25.4 (1,00) 22(0.09)
6.4(14) 13(½) 127 (5) 102 (4) 33.8 (1.33) 3.0(0.11)
9.6 (%) 13 (½) 190 (7½) 152 (6) 50.8 (2.00) 4.5 (0.18)

12.7 (½) 13 (½) . 254 (10) 203 (8N 67.8 (2-67) 6.0 (0.24)
19.1 (Y) 19 (¾) 381 (15) 305 (12) 102 (4.00) 9.0 (0.35)

S25.4(1) 25(1) 495 (19½) 406 (16) 135 V; '1) 12.0(0.48)

L/d-32t I

1.6 (Via) 25 (I) 76 (3) 51 (2) 17.0 (0.67) 3.0(0.11)
2.4 (%) 25(1) 102 (4) 76 (3) 25.4 (1.00) 4.5 (0.18)
3.2 (V) 25(1) 127 (5) 102 (4) 33.8 (1.33) 6.0(0.24)
4.8 (¾i.) 13 (½) 190 (7½) 165 (6½) 55.1 (2.17) 10.5(0.41)
6.4 (Y.) 13 (½) 254 (10) 203 (8) 67-8 (2.67) 11.9 (0.48)
9.6(%) 13(½) 381 (15) 305 (12) 102 (4) 17.9 (0.71)

12.7 (½) 13 (½) 495 (19½) 406 (16) 135 (5.3) 24.1 (0.95)
19.1 (3/) 19 (¾v4) 737 (29) 610 (24) 204 (8.0) 36.0(1.42)
25.4(1) 25(I) 991 (39) 813 (32) 271 (10.7) 48.1 (1.89)

L/d-40to I

I 1.6 (Vi6) 25(1) 89 (3Y½) 63 (2½) 21.2 (0.83) 4.6(0.19)
f 2.4 (3i') 25(1) 121 (43/4) 95 (3-V) 31.8 (1.25) 7.0 (0.27)

3.2 (V½) 250() 178 (7) 127 (5) 42.4 (1.67) 9.3(0.37)
-4.8 (-Fi) 13(%) 24£ (9½) 190 (7%) 63.5 (2.50) 13.9(0.56)

6.4 (/.) 13 (½) 330 (13) 254 (10) 84.6 (3.33) 18,7(0.74)
9.6(f) 13(½) 483 (19) 381 (15) 127 (5.0) 280( .11)

12.7 (½) 13 (½) 635 (25) 508 (20) 169 (6.71 37.6(1.48)
19.1 (%) 19 (3) 940 (37) 762 (30) 254 (10.0) 56.2 (2.22)

A 24(1) 25,'1) 1245 (49) 1016 (40) 338 (13.3) 75.1(2.96)

Sti Lid- 60 to I

.36 (Vis) 25 (I) 124 (47/s) 95 (33/) 31.7 (1/4) 104(0.41)
2.4 (:S) 25(I) 185 (7$Y) 143 (5%) 47.6 (1H%) 15.8 (0.62)
3.2 (4) 250() 247 (93/¾) 190 (7½) 63.3 (2v) 20.9(082)
I 4.8 (3/) 13 (1h) 372 (14%) 286 (11 V4) 95.3 W3¾) 31.5(t.24)
6.4 (V) 13 (½) 495 (19½) 381 (15) 127 (5) 41.90(65)
9.6 (N) 13 (½) 744 (29".) 572 (22Y½) 191 (7½) 63.1(2.48)

j :•,( 12.7 (½) 13 (4) 991 (39) 762 (30) 254 (10) 84.6 (3.33)
1 £9.1 (•4) 19(-K) 1486 (58½) 1143 (45) 381 (15) 127 (5.00)
25.4(0) 25 (1) 1981 (78) 1524 (60) 508 (20) 169 (6.66)

i 1I A Rates indicated are for Procedure A where strain rate is 0.0£ mm/mmzmin (0.0£ in./An min), To obtain rates for
Procedure B where stramn rate is 0. 10 mm/mm --mn (0.10 in./in. -min), multiply these values by 10. Procedure A i to be used
for all specification purposes. unless otherwise stated in the specificauons. See 9.2.3 for the method of calculation.
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TABLE 3 Recommeded Dimeioms fee Test Specimemns tSectom I.3 and 64 for Vanow Suppont Spn-to-Depth
Ratios (See Note 8)

P Method 11 14-Point Lzoding at Vi Potknt Fig. 2(B)1

Notn.-pei Ratte of Cross-
Spc-c-e head Motion7 .Nouina S- " Spcei Leg.h. Support SpW m LeadhSpan. mmWi dthh (in.) On.) (Procedure A)

mm (n.) in-)MM (M.)/minA

Ld- 16 to I

I 1.6 (Vis) 25(t) 51 (2) 25 (1) 12.5 (0.50) 0.8 (0.03)
2.4(%') 25(1) 64 (2½) 38 (1) 19.0 (0.75) 1.0(0.04)
3.2(%) 25(1) 76-(3) 51 (2) 25.5 (1) 1.3(0.05)

I. 4.8 (¾.) 13(4) 102 (4) 76 (3) 38 (1.50) 2.0(0.08)
6.4 (Y,) 13 (½) 127 (5) 102 (4) 51 (2) 2.8(0.11)
9.6 (%) 13 (½) 190 (7½) 152 (6) 76 (3) 4.1 (0.16)

12.7(%) 13 (V) 254 (10) 203 (8) 102 (4) 53(0.21)
19.1 (K) 19 (,) 381 (15) 305 (12) 153 (6) 8.1 (0.32)
25.4 (1) 25(1) 495 (19½) 406 (16) 203 (8) 10.9 (0.43)

Lid - 32 to I
1.6(%#) 25(l) 76 (3) 51 (2) 25.5 (1) 2.8 (0.11)
2.4(%) 25(1) 102 (4) 76 (3) 38 (1.50) 4.1(0.16)
3.2 (Y) 25(0) 127 (5) 102 (4) 51 (2) 5.3(0.21)
4.8 (¾.) 13 (½) 190 (7½) !65 (6½) 82.5 (3.25) 8.1 (0.32)
6.4 (Y4) 131(½) 254 (30) 203 (8) 102 (4) 10.9 (0.43)
9.6(h) 13 (½) 381 (15) 305 (12) 153 (6) 16.3(0.64)

12.7(½) 13(½) 495 (19½) 406 (16) 203 (8) 21.6(0.85)
19.1 (3/) 19/(%) 737 (29) 610 (24) 305 (12) 32.5(l.28)
25.4(I) 25(1) 991 (39) 813 (32) 407 (16) 43.4(171)

Lid- 40 to 0

1.6 (•tg) 25 (l) 89 (3½) 63 (2½) 31.5 (1.25) 4.3 (0.17)
2.4(¾sn) 25(1) 121 (4/) 95 (33/) 47.5 (1.88) 6.4 (0.25)
3.2 (N) 25 (1) 178 (7) 127 (5) 63.5 (2.50) 8.4 (0.331
4.8 (%i) 13 (½) 241 (9½) 190 (7½) 95.0 (3.75) 12.7 (0.50)
6.4 (Y) 13 (½) 330 (13) 254 (10) 127 (5.0) 17.0(0.67)
9.6A() 13 (½) 483 (19) 381 (15) 191 0 .5) 254(1.00)

12.7 (½) 13 (½) 635 (25) 508 (20) 254 (10.0) 34.0(1.34)
19.1 (1) 19 (Y4) 940 (37) 762 (30) 381 (15.0) 50.8 (2.00)
25.4(l) 25 (1) 1245 (49) 1016 (40) 508 (20.0) 67.8 (2.67)

Lid -60 to I

1.6 (Vis) 25(1) 124 (474) 95 (3y%) 47.5 (1?,#) 9.4 (0.37)
2.4 (N) 25(l) 185 (7%) 143 (5%) 71.5 (213s) 14.2 (0.56)
3.2 (Y) 25 (f) 247 (9%) 190 (7½) 95.0 (3%K) 18.8 (0.74)
4.8 (%e) 13 (Y) 372 (14%) 286 (11 V.) 143 (5%) 28.4(1.12)
6.4 (V4) 133(%) 495 (19½) 381 (15) 191 (7%) 37.8 (1.49)

4 9.6(%) 13 (½) 744 (29%,) 572 (22½) 286 (3 V4) 56.8 (2.24)
12.7 (½) 13 (½) 991 (39) 762 (30) 381 (15) 76.2 (3.00)
19.1 (3/,) 19 (/,) 1486 (58½) 1143 (45) 572 (22.5) 114 (4.49)
25.4(1) 25 (0) 1981 (78) 1524 (60) 762 (30) 152 (5.98)

A Rates indicated are for Procedure A where strain rate is 0.01 mrm/mzn.min (0.01 in./in. .min). To obtain rates for
Procedure B where strain rate is 0.10 mm/mmm mm (0.10 in./tn..imin), multiply these values by 10. Procedure A is to be used
for all specificaUon purposes, unless otherwise stated in the specifications. See 9.2.3 for the method of calculiauon.
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NOTE-(a) Minimum radius - 3.2 mm (½ in.). (b) SUPPORT SPAN
Maximum radius supports - 1.5 times specimen
depth, maximum radius loading nose - 4 times spec-
imen depth.

FIG. I Allowable Rage of Loading Nose And Support Radii FIG. 2 Loading Diag

for Specimen 6.4 im (0.25 in.) Thick

(A)I

Il
NOTm-(a) Minimum radius - 3.2 mm (% in.).

(b) Maximum radius - 1.5 times specimen depth.
FIG. 3 Alowmae Range of Loading and Suppor Noes

Radii for Specimen 6.4 mm (0.25 in.) Thick
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specimen. In order to obtain correct values of such zero-strain).
parameters as modulus, strain, and offset yield point, X1.3 In the case of a material that does not exhibit
this artifact must be compensated for to give the any linear region (Fig. XI 2), the same kind of toc
corrected zero point on the strain or extension axis. correction of the zero-strain point can be made •y

X1.2 In the case of a material exhibiting a region constructing a tangent to the maximum slope at the
of Hookean (linear) behavior (Fig. Xl.1), a conunu- inflecion point (H'). This is extended to intersect the
ation of the linear (CD) region of the curve is con- strain axis at point B', the corrected zero-strain point.

structed through the zero-stress axis. This intersection Using point B' as zero strain, the stress at any point
(B) is the corrected zero-strain point from which all (G') on the curve can be divided by the strain at that
extensions or strains must be measured, including the point to obtain a secant modulus (slope of line B'
yield offset (BE), if applicable. The elastic modulus G). For those materials with no lineaw region, any
can be determined by dividing the stress at any point attempt to use the tangent through the inflection
along the line CD (or its extension) by the strain at point as a basis for determination of an offset yield
the same point (measured from point B, defined as point may result in unacceptable error.

: / F•

D
/

/!

U5

C

A r Strain Strai•

NoTE- Some chart recorders plot the mirror image of this NoTm--Some chart recorders plot the omrror image of this
graph. graph.

FIG. Xl.1 Material with Hookean Region FIG. XI.2 Material with No Hookeu Region

The American Society for Testing and Materials takes no position respecting the validity of any patent nghts asserted in
connection with any item mentioned in this standard Users of this standard are expressly advised tIat determination of the
validity of any such patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional
standards and should be addressed to ,STM Headquarters, Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair heanng you should
make your views known to the ASTM Committee on Standards. 1916 Race St.. Philadelphia, Pa. 19103.
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q SDesignation: 0 638 - 84

Standard Test Method for

TENSILE PROPERTIES OF PLASTICS'

This standard is issued under the fixed designation D 638; the number immediately following the designation indicates the year of
original adoption or. in the case of revision. the year of last revision. A number in parentheses indicates the year of las reapproval.
A superscript epsilon (0 indicates an editorial change since the last revision or neapproval.

This method has been approved for use by agencies of the Department of Defense and for listing in the DoD Index of Speciications
and Standards.

1. Scope 1.3 This standard may involve hazardous ma-

1. 1 This test method covers the determination terials, operations, and equipment. This standard

of the tensile properties of plastics in the form of does not purport to address all of the safety prob-

standard dumbbell-shaped test specimens when lems associated with its use. It is the responsibil-

tested under defined conditions of pretreatment, ity of whoever uses this standard to consult and

temperature, humidity, and testing machine establish appropriate safety and health practices

speed. and determine the applicability of regulatory limi-

1.2 This test method can be used for testing tations prior to use.

materials of any thickness up to 14 mm (0.55 2. Applicable Documents
in.). However, for testing specimens in the form

of thin sheeting, including film less than 1.0 mm 2.1 ASTM Standards:

(0.04 in.) in thickness, Test Method D 882 is the D374 Test Methods for Thickness of Solid

preferred test method. Materials with a thickness Electrical Insulation-"

greater than 14 mm (0.55 in.) must be reduced D618 Methods of Conditioning Plastics and

by machining. Electrical Insulating Materials for Testinge
D 882 Test Methods for Tensile Properties ofNOTm l-A complete metric companion to Test Ti lsi heig

Method D 638 has been developed-D 638 M. Thin Plastic Sheeting'
NoTE 2-This test method is not intended to cover D 883 Definitions of Terms Relating to

precise physical procedures. It is recognized that the Plastics
constant-rate-of-crosshead-movement type of test D4066 Specification for Nylon Injection and
leaves much to be desired from a theoretical standpoint, Extrusion Materials (PA)
that wide differences may exist between rate of cross-
head movement and rate of strain between gage marks E 4 Methods of Load Verification of Testing
on the specimen, and that the testing speeds specified Machines5 6

disguise important effects characteristic of materials in E 83 Method of Verification and Classification
the plastic state. Further. it is realized that variations in of Extensometers6

the thicknesses of test specimens, which are permitted
by these procedures, produce variations in the surface-
volume ratios of such specimens, and that these varia- 3. Significance and Use
tions may influence the test results. Hence, where di- 3.1 This test method is designed to produce
rectly comparable results are desired, all samples should .
be of equal thickness. Special additional tests should be 1 This test method is under the jurisdiction of ASTM Corn-
used where more precise physical data are needed. mittee D-20 on Plastics and is the direct responsibility of Sub-

NoTE 3-This test method may be user, iur testing comminee D 20.10 on Mechanical Properties
phenolic molded resin or laminated materials. How- Current edition appmved July 27. 1984. Published Sepitember
ever, where these materials are used as electrical insu- 1984. Originally published as D 638 -41 T. Last previous edi-
lation, such materials should be tested in accordance "oI D 638- 82a.
watioh. suc h Annual Book of ASTM Standards. Vol 08.01.
wth ASTM Method D 229. Testing Rigid Sheet and 'Annual Book of ASTM Standards. Vol 10.01.
Plate Materials Used for Electrical Insulation,' and 'Annual Book of ASTM Standards. Vol 10.02.
ASTM Method D)651, Test for Tensile Strength of 'Annual Book of ASTMA Standards. Vol 08.03.
Molded Electrical Insulating Materials.' 'Annual Book of,4STM Standards. Vol 03.01.

0
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tensile propery data for the control and specifi- 4. Definitions
cation of plastic materials. These data are also 4.1 Definitions of terms applying to this test
useful for qualitative characterization and for method appear in Definitions D 883 and An-
research and development. nex Al.

3.2 Tensile properties may vary with speci-
men preparation and with speed and environ- 5. Apparatus
ment of testing. Consequently, where precise 5.1 Tesing Machine-A testing machine of
comparative results are desired, these factors the Testing Ma crin e--A e mane of
must be carefully controlled, the constant-rate-of-crosshead-.ovement type

3.2.1 It is realized that a material cannot be and comprising essentially the following:

tested without also testing the method of prepa- 5.1.1 Fixed Member-A fixed or essentially

ration of that material. Hence, when comparative stationary member carrying one grip.

tests of materials per se are desired, the greatest 5.1.2 Movable Member-A movable member

care must be exercised to ensure that all samples carrying a second grip.

are prepared in exactly the same way, unless the 5.1.3 Grips--Grips for holding the test speci-
men between the fixed member and the movable

test is to include the effects of sample prepara- member. the gips salbe ani th atls

tion. Similarly, for referee purposes or compan- member. The grips shall be self-aligning, that is,

sons within any given series of specimens, care they shall be attached to the fixed and movable

must be taken to secure the maximum degree of member, respectively, in such a manner that theý.
will move freely into alignment as soon as anyuniformity in load is applied, so that the long axis of the test

and handling.
3.3 Tensile properties may provide useful data specimen will coincide with the direction of the

for plastics engineering design purposes. How- applied pull through the center line of the grip

ever, because of the high degree of sensitivity assembly. The specimens should be aligned as

exhibited by many plastics to rate of straining perfectly as possible with the direction of pull so

and environmental conditions, data obtained by that no rotary motion that may induce slippage

this test method cannot be considered valid for will occur in the grips- there is a limit to the _

applications involving load-time scales or envi- amount of misalignment self-aligning grips will

ronments widely different from those of this test accommodate.

method. In cases of such dissimilarity, no reliable 5.1.3.1 The test specimen shall be held in such

estimation of the limit of usefulness can be made a way that slippage relative to the grips is pre-

for most plastics. This sensitivity to rate of strain- vented insofar as possible. Grip surfaces that are

ing and environment necessitates testing over a deeply scored or serrated with a pattern similar

broad load-time scale (including impact and to those of a coarse single-cut file, serrations
creep) and range of environmental conditions if about 2.4 mm (3/32 in.) apart and about 1.6 mm
tensile properties are to suffice for engineering (V/16 in.) deep, have been found satisfactory for
design purposes. most thermoplastics. Finer serrations have been

found to be more satisfactory for harder plastics.

NOTE 4-Since the existence of a true elastic limit such as the thermosetting materials. The serra-
in plastics (as in many other organic materials and in tions should be kept clean and sharp. Breaking
many metals) is debatable, the propriety of applying in the grips may occur at times. even when deep
the term "elastic modulus" in its quoted generally ac-
cepted definition to describe the "stiffness" or rigdiy" serrations or abraded secimen surfaces are used
of a plastic has been seriously questioned. The exact other techniques must be used in these cases.
stress-strain characteristics of plastic materials are Other techniques that have been found useful,
highly dependent on such factors as rate of application particularly with smooth-faced grips, are abrad-
of stress, temperature, previous history of specimen,
etc. However, stress-strain curves for plastics, deter- ing that portion of the surface of the specimen
mined as described in this test method, almost always that will be in the grips, and interposing thin
show a linear region at low stresses, and a straight line pieces of abrasive cloth, abrasive paper, or plastic
drawn tangent to this portion of the curve permits or rubber-coated fabric, commonly called hos-
calculation of an elastic modulus of the usually defined pital sheeting, between the specimen and the grip
type. Such a constant is useful if its arbitrary nature
and dependence on time, temperature, and similar surface. No. 80 double-sided abrasive paper has
factors are realized. been found effective in many cases. An open-
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mesh fabric, in which the threads are coated with specimen to an incremental discrimination of at
abrasive, has also been effective. Reducing the jeast 0.025 mm (0.001 in.) should be used. All
cross-sectional area of the specimen may also be width and thickness measurements of rigid and
effective. The use of special types of grips is semirigid plastics may be measured with a hand
sometimes necessary to eliminate slippage and micrometer with ratchet. A suitable instrument
breakage in the grips, for measuring the thickness of nonrigid test spec-

5.1.4 Drive Mechanism-A drive mechanism imens shall have: (1) a contact measuring pres-
for imparting to the movable member a uniform, sure of 25 ± 2.5 kPa (3.6 ± 0.36 psi), (2) a
controlled velocity with respect to the stationary movable circular contact foot 6.35 ± 0.025 mm
member, this velocity to be regulated as specified (0.250 ± 0.001 in.) in diameter, and (3) a lower
in Section 9. fixed anvil large enough to extend beyond the

5.1.5 Load Indicator-A suitable load-indi- contact foot in all directions and being parallel
cating mechanism capable of showing the total to the contact foot within 0.005 mm (0.0002 in.)
tensile load carried by the test specimen when over the entire foot area. Flatness of foot and
held by the grips. This mechanism shall be essen- anvil .hall conform to Test Methods D 374,
tially free of inertia lag at the specified rate of 5.1.3. An optional instrument equipped with a
testing and shall indicate the load with an accu- circular contact foot 15.88 ± 0.08 mm (0.625 ±
racy of ± 1 % of the indicated value, or better. 0.003 in.) in diameter is recommended for thick-
The accuracy of the testing machine shall be ness measuring of process samples or larger spec-
verified in accordance with Methods E 4. imens at least 15.88 mm (0.625 in.) in minimum

NoTE 5-Experience has shown that many testing width.
machines now in use are incapable of maintaining
accuracy for as long as the penods between inspection 6. Test Specimens
recommended in Methods E 4. Hence, it is recom- 6 1 Sheet, Plate, and Molded Plastics:
mended that each machine be studied individually and
verified as often as may be found necessary. It fre- 6.1.1 Rigid and Semirigid Plastics-The test
quently will be necessary to perform this function daily, specimen shall conform to the dimensions shown

5.1.6 The fixed member, movable member, in Fig. 1. The Type I specimen is the preferred

drive mechanism, and grips shall be constructed specimen and shall be used where sufficient ma-
terial having a thickness of 7 mm (0.28 in.) or

of such materials and in such proportions that t avila the Tp 7 m en may be

the total elastic longitudinal strain of the system

constituted by these parts does not exceed 1 % used when a material does not break in the

of the total longitudinal strain between the two narrow section with the preferred Type I speci-

gage marks on the test specimen at any time men. The Type V specimen shall be used where

during the test and at any load up to the rated only limited material having a thickness of 4 mm
capacity of the machine. (0.16 in.) or less is available for evaluation, or

5.2 Extension endicator-A suitable instru- where a large number of specimens are to bemen2 frExternsiong I the A d uistanc e b enstwo- exposed in a limited space (thermal and environ-
designated pord intsloatdn iti the gac e lwengtho mental stability tests, etc.). The Type IV speci-
designated points located within the gage lengthcomparisons areof the test specimen as the specimen is stretched.It is desirable, but not essential, that this instru required between materials in different rigidity
cent in i)ausa functin ,of the ld is the r-any cases (that is. nonrigid and semirigid). The Type
ment automatically record this distance (or t 111 specimen must be used for all materials withspecimen or of the elapsed time from the start of a thickness of greater than 7 mm (0.28 in.) but
the test, or both. If only the latter is obtained, not more than 14 mm (0.55 in.)
load-time data must also be taken. This insted- 6.1.2 Nonrigid Plastics-The test specimen
load-timen ata be essentialaykfreen This inert atr shall conform to the dimensions shown in Fig. 1.
ment shall be essentially free of inertia lag at the The Type IV specimen shall be used for testing
specified speed of testing and shall be accurate to nonrigid plastics with a thickness of 4 mm (0. 16

±1 % of strain or better. in.) or less. The Type III specimen must be used
NOTE 6-Reference is made to Method E 83. for all materials with a thickness greater than

5.3 Micrometers-Suitable micrometers for 7 mm (0.28 in.) but not more than 14 mm (0.55
trie.•auting dw withL., and thickness of the test in.)
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6.1.3 Preparation-Test specimens shall be in Fig. I shall be scrupulously avoided. Care shah

prepared by machining operations, or die cutting, also be taken to avoid other common machining
from materials in sheet, plate, slab, or similar errors.
form. Materials thicker than 14 mm (0.55 in.) 6.5 If it is necessary to place gage marks on
must be machined to 14 mm (0.55 in.) for use as the specimen, this shall be done with a wax
Type III specimens. Specimens can also be pre- crayon or India ink that will not affect the ma-
pared by molding the material to be tested. terial being tested. Gage marks shall not be

Note 7-Specimens prepared by injection molding scratched, punched, or impressed on the speci-
may have different tensile properties than specimens men.
prepared by machining or die-cuttng because of the 6.6 When testing materials that are suspected
orientation induced. This effect may be more pro- of anisotropy, duplicate sets of test specimens
nounced in specimens with narrow sections. shall be prepared, having their long axes respec-

6.2 The test specimen for rigid tubes shall be tively parallel with, and normal to, the suspected
as shown in Fig. 2. The length, L, shall be as direction of anisotropy.
shown in the table in Fig. 2. A groove shall be
machined around the outside of the specimen at 7. Conditioning
the center of its length so that the wall section 7.1 Conditioning--Condition the test speci-
after machining shall be 60 % of the original mens at 23 ± 2"C (73.4 ± 3.6"F) and 50 ± 5 %
nominal wall thickness. This groove shall consist relative humidity for not less than 40 h prior to
of a straight section 57.2 mm (2'/4 in.) in length test in accordance with Procedure A of Methods
witha radius of 76 mm (3 in.) at each end joining D618, for those tests where conditioning is re-
it to the outside diameter. Steel or brass plugs quired. In cases of disagreement, the tolerances
having diameters such that they will fit snugly shall be ± 1°C (1.8*F) and ±2 % relative humid-
inside the tube and having a length equal to the ity.
full jaw length plus 25 mm (I in.) shall be placed 7. 1.1 Note that for some hygroscopic mate-
in the ends of the specimens to prevent crushing. rials. such as nylons, the material specifications
They can be located conveniently in the tube by (for example, Specification D 4066) call for test-
separating and supporting them on a threaded ing -dry as-molded specimens." Such require-
metal rod. Details of plugs and test assembly are ments take precedence over the above routine W

shown in Fig. 2. preconditior;-i to 50 % RH and require sealing
6.3 The test specimen for rigid rods shall be the specimens in water vapor-impermeable con-

as shown in Fig. 3. The length, L shall be as tainers as soon as molded and not removing them
shown in the table in Fig. 3. A groove shall be until ready for testing.
machined around the specimen at the center of 7.2 Test Conditions-Conduct tests in the
its length so that the diameter of the machined Standard Laboratory Atmosphere of 23 ± 2°C
portion shall be 60 % of the original nominal (73.4 ± 3.6"F) and 50 ± 5 % relative humidity,
diameter. This groove shall consist of a straight unless otherwise specified in the test methods. In
section 57.2 mm (21/4 in.) in length with a radius cases of disagreements, the tolerances shall be _
of 76 mm (3 in.) at each end joining it to the I C (1.8"F) and ±2 % relative humidity.
outside diameter. NoTE 8-The tensile properties of some plastics

6.4 All surfaces of the specimen shall be free change rapidly with small changes in temperature.
of visible flaws, scratches, or imperfections. Since heat may be generated as a result of straining the
Marks left by coarse machining operations shall specimen at high rates, conduct tests without forced
be carefully removed with a fine file or abrasive, cooling to ensure uniformity of test conditions. Mea-

sure the temperature in the reduced section of theand the filed surfaces shall then be smoothed specimen and record it for materials where self-heaung
with abrasive paper (No. 00 or finer). The finish- is suspected.
ing sanding strokes shall be made in a direction
parallel to the long axis of the test specimen. All 8. Number of Test Specimens
flash shall be removed from a molded specimen, 8.1 Test at least five specimens for each sam-
taking great care not to disturb the molded sur- pie in the case of isotropic materials.
faces. In machining a specimen, undercuts that 8.2 Test ten specimens, five normal to, and
would exceed the dimensional tolerances shown five parallel with the principal axis ofanisotropy.
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.or each sample in the case of anisotropic mawe- line joining the points of attachment of the grips
rials. to the machine. The distance between the ends

8.3 Discard sper- mens that break at some ob- of the gripping surfaces, when using flat spec-
vious fortuitous flaw, or that do not break be- mens, shall be as indicated in Fig. 1. On tube and
tween the predetermined gage marks, and make rod specimens, the location for the grips shall be
retests, unless such flaws constitute a variable to as shown in Figs. 2 and 3. Tighten the grips
be studied. evenly and firmly to the degree necessary to

NotE 9-Before testing. all transarent specimens prevent slippage of the specimen during the test,
should be inspected in a polariscope. Those which show but not to the point where the specimen would
atypical or concenrated strain patterns should be re- be crushed.
Jected, unless the effects of thesrs idual strains onti- 10.3 Attach the exten=son indicator.
tute a variable to be stuied. 10.4 Set the speed of testing at the proper rate

9. Speed of Testing as required in Section 9, and start the machine.

9.1 Speed of testing shall be the relative rate 10.5 Record the load-extension curve of the
of motion of the grips or test fixtures during the specimen.

test. Rate of motion of the driven grip or fixture 10.6 Record the load and extension at the

when the testing machine is running idle may be yield point (if one exists) and the load and exten-

used, if it can be shown that the resulting speed sion at the moment of rupture.

of testing is within the limits of variation allowed. NoTE 10-If it is desired to measure both modulus
9.2 Choose the speed of testing from Table 1. and failure properties (yield or break, or both), it may

be necessary, in the case of highly extenible materialsDetermine this chosen speed of testing by the to run two independent test The high magnification
specification for the material being tested, or by extensometer normally used to determine properties up
agreement between those concerned. When the to the yield point may not be suitable for tests involving

speed is not specified, use the lowest speed shown high etensibility. If allowed to remain attached to the
specimen, the extensometer could be permanentlyin Table I for the specimen geometry being used, dainaged A broad range incremental extensometer or

which gives rupture within 1/2 to 5 min testing hand rule technique may be needed when such mate-
time. rals are taken to rupture.

9.3 Modulus determinations may be made at
the speed selected for the other tensile properties 1 CalcuIatioOs
when the recorder response and resolution are 11. 1 Tensile Strengrh--Calculate the tensile
adequate. strength by dividing the maximum load in new-

tons (or pounds-force) by the original minimum
10. Procedure cross-sectional area of the specimen in square

10.1 Measure the width and thickness of rigid metres (or square inches). Express the result in
flat specimens (Fig. 1) with a suitable micrometer pascals (or pounds-force per square inch) and
to the nearest 0.025 mm (0.001 in.) at several report it to three significant figures as -Tensile
points along their narrow sections. Measure the Strength at Yield" or "Tensile Strength at Break,"
thickness of nonrigid specimens (produced by a whichever term is applicable. When a nominal
Type IV die) in the same manner with the re- yield or break load less than the maximum is
quired dial micrometer. Take the width of this present and applicable, it may be desirable also
specimen as the distance between the cutting to calculate, in a similar manner. the correspond-
edges of the die in the narrow section. Measure ing "Tensile Stress at Yield" or "Tensile Stress at
the diameter of rod specimens, and the inside Break" and report it to three significant figures
and outside diameters of tube specimens, to the (Annex Note At.1).
nearest 0.025 mm (0.001 in.) at a minimum of 11.2 Percent Elongation-If the specimen
two points 90' apart; make these measurements gives a yield load that is larger than the load at
along the groove for specimens so constructed. break, calculate 'Percent Elongation at Yield."
Use plugs in testing tube specimens, as shown in Otherwise, calculate "Percent Elongation at
Fig. 2. Break." Do this by reading the extension (change

10.2 Place the specimen in the grips of the in gage length) at the moment the applicable load
testing machine, taking care to align the long axis is reached. Divide that extension by the original
of the specimen and the grips with an imaginary gage length and multiply by 100. Report -Percent
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Elongation at Yield" or "Percent Elongation at X = value of single observation,
Break" to two significant figures. When a yield n = number of observations, and
or breaking load less than the maximum is pres- X - arithmetic mean of the set of observations.
ent and of interest, it is desirable to calculate and 11.6 See Appendix X I for information on toe
report both "Percent Elongation at Yield" and compensation.
"Percent Elongation at Break" (Annex Note
AI.2). 12. Report11.3 Modulus of Elasticity--Calculate themodulus of elasticity by ethneing t 12.1 The report shall include the following:moduus f eastiityby xtedingtheiniial 12.1.1 Complete identifications of the mate-
linear portion of the load-extension curve and
dividing the difference in stress corresponding to ral tested, including type, source. manufacturer's
any segment of section on this straight line by code numbers, form, principal dimensions. pre-

the corresponding difference in strain. All elastic vious history, etc.,

modulus values shall be computed using the 12.1.2 Method of preparing test specimens,
12.1.3 Type of test specimen and dimensions,average initial cros-sectional area of the test oniinngpoeur sd

specimens in the calculations. The result shall be 1.
expressed in pascas (or pounds-force per square 12.1.5 Atmospheric conditions in test room.

inch) and reported to three significant figures. 12.1.6 Number of specimens tested,

11.4 For each series of tests, calculate the 12.1.7 Speed of testing,
arithmetic mean of all values obtained and report 12.1.8 Tensile strength at yield or break. av-
it as the "average value" for the particular prop- erage value, and standard deviation.
erty in question. 12.1.9 Tensile stress at yield or break- if ap-

11.5 Calculate the standard deviation (esti plicable, average value, and standard deviation.
mated) as follows and report it to two significant 12.1.10 Percentage elongation at yield or

figures: break (or both, as applicable), average value, and
standard deviation,s - .(ZX 2 

- nXZ)/(n-, 1) 12.1.11 Modulus of elasticity, average value.

where: and standard deviation, and
s = estimated standard deviation, 12.1.12 Date of test. 0

TABLE I Desigulmdo for Speed of Teatig
Speed of Tesng. mm/min Notmnal Stac Ra.e at

Classficattona Specimen Type 1o./rm) Start of Tes. mm/mm
m, m

Rigid and Semirigid I. 11. 111 rods and 5 (0.2) t 25% 0.1
tubes 50 (2):±t 0% i

500 (20)i:t 0% 10
IV 5 (0.2):t 25 % 0.15

50 (2) 1o0% 1-5
500 (20) t10% 15

V 1 (0.05) t 25 0, 0.1
10 (0.5):t 25 % I

100 (5) z 25 % 10
Nonrigid III 50 (2) 1 i0 %

500 (20) 10 % 10
IV 50 (2):t 10% 1.5

500 (20)± 10% i5
"Select the kowest speed that produces rupture in 'z to 5 mun for the spectmen geozetry being used (see 9.2).

See Definitons D 813 for dedaitioma
CThe iniual rate of Slrnimlg cannot be cakculated exactly for dumnbbefl-saped spmens because of extemion. botht the

reduced secuon outside the put kngth and in the fillets. This intial erem rate can be measured ftoin the nitial slope of the tensile

rain-versus-time diagram.
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T-~

Type . 5 Tp 1 Typ 71 ye ' Tye

WO-Width~ Oveverl m7 to 14 49 19or .

WO-Width ovenar-aletin1.61 m6 9.53 s:3.18-

LO-L~enpth over-all. mm'r J65 183 246 115 63:3 no max0G-.Gage IenpIl 50 50 50 -. 7.62 .15
G-CGap le-ril ... ..... 25 ... ±1
D-Distance beraeen gil Its 13.a its 64' 23.4 ±t5
R-R~adius of fillet 76 76, 76 14 12)7 ±1'l
RO-Outer radiu (Type WIV). .... 25 .. ±

Specimen Dimensions for Tluknm. 7, uLD

0.28 or under OverO0.Z to 0.16 or usdeu
Dimensions (we drawinp) 0.55 ioc Tole"OOMS

Type I Type 11 Type III Type IV' Type V1

W-Widthof narrow section" ~ 0.50 0.25 0.75 0.25 0.125 0,2
L-Lenpth of narrow section 2.25 2.25 2.51.30 0,375 ±-0.021
WO-Wjdth over-all, mini 0.75 0.75 1.1 0.75 ... +0.25
WO-Wjdth ovcr..aII, maini ... ... ... ... 0.375 4-0.1125
LO-Length over-all. miii' 6.5 7.2 9 .7 4.5 2.5 no max
G-CGage lengthC 2.00 2.00 2.00 ... 0.300 to0ouy
G-Gage lengtlsc -. -. 1.00 ... ±0.005
D-Dsstance between grips 4.5 5.3 4.5 2.5' 1.0 :to_
R-Radiuso~flle 3.00 3.00 3.00 - 0.56 0.5 ±0.041
RO-Outer tudius (Type IV) .. ... 1.00 ... 1:0.04

FIG. I Tern.. Toms Specs-rn for Sb@es Plais. aid MoMWe Pbsic

A The width at the center W. "hal be plus 0.00 mm. minus 0. 10 min (+0.000 in.. -0.004 in.) ciompxn with width W at other
parts of the reduced section. Any reduction an W at the center shall be padual. equally on esch side so that no abrupt chanp in
dimension resault

IFor molded specimens. adraft of not over 0.13 mm (0.005 in.) may be allowed for either Type I or 13 ecinens 3.7 mm (0. 13
lfl.) an thickness, and this should be taken anto account when calculasing width of the specimenf. Thus a typical secton of(a mokled
Type I specimen, having the maxamum allowable draft. could be as follows:
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*2.83 mmax..
(0.505*)

4O.13 mm Max.
(0.005')

(0.5000)

cTent marks or jinital extefisomwne spen.
a Thickness. T. shall be 3.2.t 0.4 win (0.133±:0.02 in.) for all types of moided specienwsi and for other Types I and IIseoe

when pomsible. If spectienws we machineid from sheets or piatms thicknmss T, may be the thicknues of the sheet or plate ~oie
this does not exceed therange stated for the minteded specimien type. For shee= of nomistal thicknes greater than 14 men (0.55 in.)
the specimens shall be Mactined to 14±:t0.4 mmn (0.55 ±t 0.02 in.) in thickisems for use with the Type III specinwa. For sheets of
nominal thickness between 14 and 51 mm (0.55 and 2 in.) approxsmateiy oiuui amounts shall be mactuned from cub surface. For
thicker sheets both surfaces of the specimen shal be machined and the location of the specmen with inferem:ze to the orignal
thickness of the sheet, shall be noted. Tolerances on thickneWss 1 than 14 mom (0.55 in.) shall be those standard for the grad, of
Material tested.

I Overall widths preater than the minimum indicated may be destrahie for some materials in order to avoid breaking in the grips.
"Overall lengths greater than the minimum inidicated may be dezstrbie atihe to avoid birakng tn the $nps or to satisy special

test ro3uamiftiin
G For the Type IV spmenim the internal width of the narrow ucon of the die shal be 6.00 :t 0.03 mm (0.2W = 0.002 to.).

The dimenimons ame dnnaffy those of Die C in ASTM Tca Method D432. for Rubbesr Properties in Tenwon (A~mmal Book of
ASTM Staidands. VoIS 08.031 and 09.0 1).

R When seWdgh~ening grips ate used. for highly extensibie polymemi the distnce between prips will depend upon the types of
prips u"t anid may not be critical if maintained uniform once chosen

'The Type V specimen shall be machine or die cut to the dimemacom shown, or molded in a mold whose cavity bas these
dimensions. The dimevnions shall be,

W - 3. 18:t0.03mm (0. 125±:t0.00l1 in.).
L = 9.53 ± 0.08 mm (0.375 ± 0.003 in.),
G - 7.62t ±0.02 min(0.300±t0.001 in.), and
R -12.7t0.8mrn(0.5t0ý0±0.3int.

The other tolerAnces am those in the table. Supporting data on th' introduction of the L specimen of Test Method D 3 821 as the
Type V specimen may be obtained froim ASTM lHeadquarwi. 3916 Race St., Philadeipluit, PA 19103. by requeing
RRD-ZO.. 038.

FIG. I Cowuimwd
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D 6M
-M4tal Plugs

n mm Min.

-4---51 n Min. .anRd

S R(31 Machine to L
57 Rd 60er cent of i

57~ ) 7n- Originail Nomrinal
(,2-1), 70 mm Wall Thickness

R.S, Rat
S~1.Gram Rod.

51mm nMin.
Z"S -- n " )'-

nSm Min-
(37")

DIMENSIONS OF TUBE SPECIMENS

NomialJ Wail Thickness Le~gh of R~adial Sasonm. Toutl Caicua Minimum Standard Length. L of Spea-2R.S. Lenth of Specimen to be Used for 89-mm(3164n.) 
Javs'

miiliL) mm(n.) mm(in.) mmlin.)

0.79(1/u) 13.9(0.547) 350(13.80) 381(15)
1.2(y") 17.0(0.6'0) 354(13.92) 381(15)
1.6('1) 19.6(0.773) 356(14.02) 381(15)
2.4(3/) 24.0(0.946) 361(14.20) 381(15)
3.2(1/4) 27.7(0.091) 364(14.34) 383(15)
4.8Q/s,) 33.9(t.333) 370(14.58) 381(15)
6.4(0/) 39.0( 1.536) 376(14.79) 4000(5.75)
7.90/f,) 43.5(0.714) 380(14.96) 400(15.75)
9.5(,) 47.6(N.873) 384(15.12) 400(15.75)

1 1.l('/i6) 51.3(2.019) 388(15.27) 400(15-75)
12.7(0) 54.7(2.154) 391(15.40) 419(16.5)

For other jaws greatr" than 89 mm (31A in.), the standard length shagl be increased by twice the length of the jaws minus 178
mm (7 in.). The standard length permis a SlipPge of apprximately 6.4 to 12.7.mm (¼, to lb in.) in each .aw while mmntmning
maximum length of jaw Shp.

FIG. 2 Diu Sbowing l.Atui. of Tube Temi-- Tea S"diecim im Testing Ni e
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I9 mm Mor. I

(2")

R.S.
-4-- 70 am Rad

(3 ) L

67 mMachine to
60 per canf of

Nominal

, 70 mm Rod Diameter
R.s. "

s1 mm mini.

(2")

f mmMtnm

DIMENSIONS OF ROD SPECIMENS
Length of RAd" Seauons ToWl Cakulat Minmum Standard Lenth. L of Spac-

No2.inal D iameter me"n to be Used for Sf,-mm

mm Iin.) mn On.) mm l11.) mm hn.)

320/9) 19.6(0773) 356(14-02) 391 (15l)
4 'y(' I/) 24 0 (0.946) W6) (14.20) 381 (154
6 4 (/.) 27 ;' 1U091) 364 ( 14.3,41 i82 (15.
9.5 () 3319(1 333) 370(14.58) 38)1 (is:

12 7 (/;) 39.0 (.536 376 (14C 4,00)1 5
15-9 01 41.5 (1714) 380(14,96) 400 (.1575)
19.0 0/4) 47.6 (1.873) 394 (15,12) 400 (15. 15')
22,2 (7,1 5 $1.5 (2019) 388 (15.27) ,00)175)
25 4 fl) 54.1 ).15,) 391(15 401 41 Q,16.5)
3 1., 11 'Al) 60.9 (.398) 398 "15 65) 4I19 116.51
38 i t z) 66.4 (2.615) 403 115 97) 419 (16.•5)
421.5 (IY.) 71.4 (2.8i21) 408 (16061 419 (16.5)
50.8(2) 76 0 (2.993) 4 12 (Ia.24) 432 (17)

"For , her laws ptater than 89 mm ()/ in.), the sandasd lntob %ball be iocrtmd by rwtwe the iengtn of the ws" mitous 178
mm) CI in.). The standard length rD,'mv. a sJppvgc of apprmumaiudy 6.4 to i17 mm (V, to 16 in.) in ,ac, jaw witli maitainiag
maijmum (coo ofaw gip.

FIG. 1 DignrasSu w L atow o Rod Tamu. Tea S"cums in Te" Madwn
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ANNEX

(Mandatory Informaio)

Al. DEFINITIONS OF TERMS AND SYMBOLS RELATING TO TENSION TESTING OF PLASTICS

Al. I tensile stress (nominal)-the tensile load per {,.
unit area of minimum original cross-section, within the er , dL/L - In L/L.
gage boundaries. carried by the test specimen at any
given moment. It is expressed in force per unit area, where:
usually megapascals (or pounds-force per square inch). dL - the increment of elongation when the distance

NoTE A I. -The expression of tensile properties in between the gage marks is L.
"-terms of the minimum original cross-section is almost L_ = the original distance between gage marks, and
universally used in practice. In the case of materials L - ".e distance between gage marks at any time.
exhibiting high extensibility, or -necksing, or both, A 1.9 tensile stress-strain curve-a diagram in which
(A 1.11) nominal stress calclations may not be mean- values of tensile stress are plotted as ordinates against
ingfuil beyond the yield point (AL. 10) due to the exten- corresponding values of tensile strain as abscissas,
sive reduction in crom.secuonal area that ensues. Under Al.iu yieid point-the first point on the stresstrain
some circumstances it may be desirable to express the curve at which an increase in strain occurs without an
tensile properties per unit of minimum prevailing cross- increase in stress (Fig. A 1.2).
section. These properties are called 'true" tensile prop- NOTE A1.3-Only materials whose stress-train
erties (that is. true tensile suress. etc.). curves exhibit a point of zero slope may be considered

as having a yield point.
A 1.2 tensilestrength fnomtnal)ý-the maximum ten- NolE AI.4-.Some materials exhibit a distinct

sile stress (nominal) sustained by the specimen during -break" or discontinuity in the stress-strain curve in
a tension test. When the maximum stress occurs at the the elastic region. This break is not a yield point by
yteld point (AL.0), it shall be designated Tensile deritton. Howeer. thLIs polI may prove usefu for
Strength at Yield. When the maximum stress occurs at material characterization in some cases.
break. it shall be designated Tensile Strength at Break.

A 1.3 gage length-the onginall length of that por- Al.II necking-the localized reduction incross-sec-
tion of the specimen over which strain or change in inon which may occur in a material under tensile stress.
length is determined. Al. 12 yield strength-the stress at which a mateenaJ

A 1.4 eiongatton-the increase in length produced exhibits a specified limiung deviaoicm from the propor-
in the gage length of the test specimen by a tensile load. uonality of stress to strain. Unless otherwise specified.
It is expressed in units of length, usually millimetres (or this strest will be the stress at the yield point and when
inches). (Also known as extension.) expressed in relation to the Tensile Strength shall be

designated esther Tensile Strength at Yield or Tensile
NoTE A !-Elongation and strain values are valid Stress at Yield as required under A1.2 (Fig. A 1.2). (See

only in cases were uniformity of specimen behavior offset yield strength.)
within the gage length is present. In the cast of materials AI .13 offset yield strength-the stress at which the
exhibiting -necking phenomena.' such values are only strain exceeds by a specified amount (the offset) an
of qualitative utility after attainment of yield" point, extension of the initial proportional portion of the
This is due to inability to assure that necking will stressstrmn curve. It is expressed in force per unit area.
encompass the entire length between the gage marks usually megapascals tor pounds-ibrce per square inch i.
pnor to specimen failure. NoTE A1.5-Thts measurement is useful for mate-

A, 1.5 percentage elongatuon-the elongation of a test nals whose stirs-strain curve in the aeld range is of
specimen expressed as a percentage of the gage length. gradual curvature. The offset yeld stength can be

A 1.6 percentage elongation at yield and break- derived from a stress-strain curve as follows (Fig. A 1.3):
Al .6.1 percentage elongation at yield-the percent- On the strain axis lay off OM equal to the specified

age elongation at the moment the yield point (A. 1.0) offset.
is attained m the test specimen. Draw OA tangent to the initial straight-line portion

Al .6.2 percentage elongation at break-the perccnt- of the stress-strain curve.
age elongation at the moment of rupture of the test Through M draw a line MN parallel to OA and locate
specmen. the intsection of MN with the sess-stran curve.

A 1.7 strain-the ratio of the elonganon to the gage The s at the point of intersect3on r is the -offset
length of the test specimen, that is. the change in length yield strength." The specified value of the offset must
per unit of onginal length. It is expressed as a dimen- be stated as a percentage of :he onginal gage length in
sionles ratio, con)unction with the strength value. E.cample. 0 1 S

l1 8 true strain (see Fig. A I. I is defined by the offset yield strength -,, M Pa tp•s. or zeuid s.ren~vj/
lollowmng equation for Tr. at 0.1 %T offset .. MPa tpsii.
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.u. puunoi-iorce per square inch) per minute. The
a maternal is capable of'susta ning without any deviation initial rate of stressming can be calculated from the initial
from proportionality of sar to strain (Hooke's law). slope of the tensile stress (nominal) versus time dia-
It is expressed in forme per unit area. usually megapas- gram.
cals (or pounds-force per square inch). NOrE A 1.9-7The initial rate of stressing as deter.

Al .15 elastic limit-the greatest stress which a ma- mined in this manner has only linmted physical sgnif-
terial is capable of sustaining without any pIrmanent icance. It does. however, roughly describe the average
strain remaining upon complete release of the stres& It rate at which the initial stress (nominal) carried by the
is expressed in force per unit area, usually megapascals test specimen is applied. It is affected by the elasticity
(or pounds-force per square inch). and flow chara of i so .t'-..ials being tested.

Noa A 1.6-Measured values of proportional limit At the yield point. the rate of stressing (true) may
and elastic limit vary greatly with the sensitivity and continue to have a positive value if the cross-sectional
accuracy of the testing equipment, eccentricity of load- area is decreasing.
ing, the scale to which the stres-train diagram is At1.2 rme ofstrainng-the change in tensile strain
plotted. and other factors. Consequently, these value per unt time. It is expressed either as strain per unit
are usually replaced by yield strength. time, usually metres per metre (or inches per inch) per

A 1.16 modulus of elasicisy-the ratio of strrs- minute, or percntage elongation per unit time. usually
(nominal) to corresponding strain below the propor- perce ntae elongation per minute. The initial rate of
tional limit of a material. It is expressed in force per - straining can be calculated from the initial slope of the
unit area, usually megaascals (or pounds-force per tensile strain versus time diagram.
square inch) (Also known aselastic modulus or Youg's Non Al.lO.-The initial rate of straining is synon-
modulus). ymous with the rate of crosshead movement divided by

NOTE A .7-The stress-strain relations of many the initia distance between crossheads only in a ma-
plastics do not conform to Hooke's law throughout the chine with constant-rate-of-crosshead movement and
elastic range but deviate therefrom even at stresses well when the specimen has a uniform original cross-section,
below the elastic limit. For such materials the slope of does not "neck down," and does not slip in the jaws.
the •angent to the str=s-strain curve at a low stress is A1.23 Symbols-The following symbols may be
usually taken as the modulus of elasticity. Since the used for the above terms:
existence of a true proportional limit in plastics is
debatable, the propriety of applying the term -modulus SYMBOL TERM
of elasticity to describe the stiffness or rigdity of a W Load
plastic has been seriously questioned. The exact stress- aW Increment of load
strain characteristics of plastic materials are very de- L Distance between gage marks at any ume
pendent on such factors as rate of stressing, tempera- L. Original distance between gage marks
ture, previous specimen history, etc. However, such a L. Distance between gag marks at moment of
value is useful if its arbitrary nature and dependence rupture
on time, temperature, and other factors ar- realized. %/ Increment of distance between gage marks

Al. 17 secant modulus-the ratio of stress (nominal) - elongation
to corresponding strain at any specified point on the A. Minimum cross-sectional area at any time
stress-stratn curve. It is expressed in force per unit area, A. Original cross-section area
usually megapascals (or pounds-force per square inch), %.4 Increment of cross-sectional area
and reported together with the specified stress or stram. A. Cross-sectional area at point of rupture mea-

sured after breaking specimen
NOTE Al .8-This measurement is usually employed Ar Cross-sectional area at point of rupture.

in place of modulus of elasticity in the case of materials measured at the moment of rupture
whose stress-strain diagram does not demonstrate pro- i Time
portionality of stress to strain. At Increment of time

Al1.18 percentage reduction of area (nominal)-the a Tensile stre=
difference between the original cross-sectional arm A* Increment of sress
measured at the point of rupture after breaking and or True tensile stress
after all retraction has ceased expressed as a percentage OU Tensile strength at break i nominal)
of thi original aea, urr Tensile strength at break (true)

AI.19 percentage reduction of area (true)-the dif- i Strain
ference between the original cross-sectional area of the at Increment of strain
test specimen and the miummum cross-sectional area e, Total strain, at break
within the gage boundaries prevailing at the moment er True strain
of rupture, expressed as a percentage of the original %E1 Percentage elongation
area. Y.P. Yield point

A 1.20 rate of loading-the change in tensile load E Modulus of elasticity
carried by the specimen per unit time. It is expressed A 1.24 Relations between these various terms may
in force pe unit time, usually newtons (or pounds- be defined as folows:
force) per minute. The initial rate of loading can be W/A.
calculated from the initial slope of the load versus time - A
diagram. r w WIA

A121 rate of stressing (nomina)-the chang in
tensile stress (nominal) per unit time. It is expressed in - W/A. (where W is beaking load)
force per unit area per unit time, usually mepascals r- W/A-(where Wis breaking load) ¶

238
-I



* D638

L- LIL/4 (L - L.,l Rate of loading - a W/a

eu (I- - L.)L. Rateofsttcuing(nominal) -4u/X-(AWtA,)Il

IT dIL - in LfLL Rate of swainmg - Iu/AI - (../L.)1,t

For the cae where the volume of the test specmen
%E1 , (L-4)L.] x 00 x 100 does not chang during the t. the followmg the

Percentage reduction of ar (nominal) r hold:

-[(A. - A.)/A. x 100 ur - o(I + f) - 4nL/L
Percentage reduction ofarea (true) Ceur - 'C41 + tv) -u 41L.

-[(A. - r)/A.] x 100 A - AW(..)

dL

FIG. Au.I lIUlmm e TtruSrainEqudi

£C

YIELD
POINT

e [ ----.- E-

I E

A & E , TENSILE STRENGTH AT BREAK
ELONGATION AIT BREAK

o * TENSILE STRENGTH AT YIELD
ELONGATION AT YIELD

C - TENSILE STRESS AT BREAK

ELONGATION AT BREAK
"o , TENSILE STRESS AT YIELD

ELONGATION AT YIELD

J STRAIN

FIG. AuZ TwJieDmauh
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APPENDIX

(Nonmandatory Information)

X1. TOE COMPENSATIN

X 1.1 In a typical stress-strain curve (Fig. X I. 1) there CD (or its extension) by the strain at the same point
is a toe region. AC, that does not represent a property (measured from powr, B. defined as zero-ramnj
of the material. It is an artifact caused by a takeup of X 1 3 In the ,ase of a material that does not exhibit
slack, and alignment or seating of the specimen. In any linear region (Fig. X1.2). the same kind of toe
order to obtain correct values of such parameters as correcuon of the zero-strain point can be made by
modulus, strain, and offset yield point. this artifact must constructing a tangent to the maximum slope at the
be compensated for to give the corrected zero point on inflection point (H'). This is extended to intersect the
the strain or extension axis. strain axis at point B'. the corr.c.d •r-o-•,.ri ,tln

X I.2 In the case of a material exhibiting a region of Using point B" as zero strain, the stress at any point
Hookean (linear) behavior (Fig. X 1. 1), a continuation (G') on the curve can be divided by the strain at that
of the linear (CD) region of the curve is constructed point to obtain a secant modulus (slope of line B' G').
through the zero-stress axis. This interection (B) is the For those materials with no linear region, any attempt
corrected zero-strain point from which all extensions to use the tangent through the inflection point as a basis
or strains must be measured, including the yield offset for determination of an offset yield point may result in
(BE). if applicable. The elastic modulus can be deter- unacceptable error.
mined by dividing the stress at any point along the line
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A I ri
NoE-oI chnrcrespoDhemro r ft

NoTEOTI-Smm chhat rncorder plot the mirror image at thhi¶

graph. FIG. XI.2 Material with No Hooks.. Regis.
FIG. X1.1 Material with Hook... Regiox

The American Society for Testing and Materials takes no position respecing the validity of any, patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that defermtnation of the validity of any such

* patent rights. and the risk of infringement ofsuch rights. are entirely their own responsibility.

This standard is su&bjec to ,renion at any dime by the resporttible technical committee and must be reviewed evevyfive years and
if not revised, either reapproved or withdrawn,. Your commnents are invited either for revision of this standard or for additiontal
standards and should be addressed to ASTM Headquarters. Your comments will receive carefid consideration at a meeting of the
responsible technical committee. which you mnay attend If you fed that your comments have not received a fair hearing you should

*make your views known to the A.S7M Committee on Standards. 1916 RAce St. Philadeiphia, Pa. 19103.

L
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4Designation: D 695-84

Standard Test Method for

COMPRESSIVE PROPERTIES OF RIGID PLASTICS1

This standard is issued under the fixed designation D 695: the number immediately foWowing the designation indicates the year of
original adoption or. in the case of revision, the year of last revision. A number in parenthese indicates the year of last reapproval.
A superscript epsilon (o) indicates an editorial change since the last revision or reapproval.

This test method has been approvedfor use by agencies of the Deparment of Defense to replace Method 1021 of Federal Test Method
Standard 406 andfor listing in file DoD Index of Specifications and Standards.

1. Scope of elasticity, yield stress, deformation beyond

1. 1 This test method covers the determination yield point, and compressive strength (unless the

of the mechanical properties of rigid plastics material merely flattens but does not fracture).

when loaded in compression at relatively low Materials possessing a low order of ductility may

uniform rates of straining or loading. Test speci- not exhibit a yield point. In the case of a material

mens of standard shape are employed, that fails in compression by a shattering fracture,

1.2 The values stated in SI units are to be the compressive strength has a very definite

regarded as the standard. value. In the case of a material that does not fail

1.3 This standard may involve hazardous ma- in compression by a shattering fracture, the corm-

!erials, operations, and equipment. This standard pressive strength is an arbitrary one depending

does not purport to address all of the safety prob- upon the degree of distortion that is regarded as

lems associated with its use. It is the responsibil- indicating complete failure of the material. Many

ity of whoever uses this standard to consult and plastic materials will continue to deform in com-

establish appropriate safety and health practices pression until a flat disk is produced, the com-

and determine the applicability of regulatory limi- pressive stress (nominal) rising steadily in the

tations prior to use. process, without any well-defined fracture. occur-
ring. Compressive strength can have no real

2. Applicable Documents meaning in- such cases.

2.1 ASTM Standards: 3.3 Compression tests provide a standard

D 618 Methods of Conditioning Plastics and method of obtaining data for research and devel-

Electrical Insulating Materials for Testing2  opment, quality control, acceptance or rejection
D 638 Test Method for Tensile Properties of under specifications, and special purposes. The

Plastics' tests cannot be considered significant for engi-

D 4066 Specification for Nylon Injection and neering design in applications differing widely

Extrusion Materials (PA)' from the load-time scale of the standard test.
E 4 Methods of Load Verification of Testing Such applications require additional tests such as

Machines" impact, creep, and fatigue.

E 83 Method of Verification and Classifica-
tion of Extensometers'

'This test method is under the jurisdiction of ASTM Corm-
3. Significance and Use mince D-20 on Plastics and is the direct responsibility of Sub-

3.1 Compression tests provide information commintee D20.10 on Mechanical Proeemes.
Current edition approved July 27. 1984. Published September

about the compressive properties of plastics when 1984. Origi~aly published as D 695 - 42 T. Last prevus e&di-
employed under conditions approximating those tion D 695 - 80.

'Annual Book ofASTM &andards, Vol 08.01.
under which the tests are made. 'Annua Book ofASTM Standards. Vol 08.03.

3.2 Compressive properties include modulus 'Annual Book of ASTM Standards. Vol 03.01.
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* Designation: D 695 -89

Standard Test Method for
Compressive Properties of Rigid Plastics'
This standard is issued under the fixed designation 1) 695. the number immediaetcl following the designation indicaite%. thc secsr oif
originail adoption or. in the case of res-ision. the ycar of las: reision. A number in pa±renthi~st: indiae~tes the yeair of last rrcippros it. A
superscript epsilon If i indicatte% an cditonal change since the last revision or rcpproval

Thui test metotud has iiseen approved if" Us I Vh a1!-wL'i% If th. VtiPanrnitnn o(Dfek4nse I,, re'placeI ikiod 10:1i Coppu'q' the A#/) Indes:
(if Specificaznon and Stansdards tor thfe spiecihi warJ of msuemiiji ~hu% i bee'n adopted h.1 the tDer-urn-pent *.(befent.s

I. Scope 3.1.1 compresvsive defibrmation-the decrease in lengpth
1 .1 This test method covers the determination of the produced in the gage length of the test specimen by a

mechanical properties of unreinforced and reinforced rigid compressive load. It is expressed in units of length.

plastics, including high-modulus composites, when loadedf in 3.1.2 comlfpressive' strain-the ratio of compressive dcfor-
compression at relatively low uniform rates- of straining or mation to 'the gage length of the test specimen. that is. the
loading. Test specimens of standard shape are employed, change in length per unit of original length along the

1.2 The values stated in SI units are to be regarded as the longitudinal axis. It is expressed as a dimensioriless ratio.
standard. 3.1.3 compressive strength-the maximurn compressive

NOTEi-Acomletemetic ompnionto estMethd D695has stress (nominal) carried by a test specimen during a compres-
NOEen deoe-A co 5mplt.erccmaint etMto 9 a sion test. ,It may or may not be the compressive stress
NOTE 2-For copesv rprisof resin-matrix cmoie (n ialcrid vte specimen at the moment of rupture.

reinforced with oriented continuous. discontinuous, or cross-ply rein- 3.1.4 compressive strenigth at failure t'nonminab)-the com-
forcements, tests may be made in accordance with Test Method. 6 34 10. pressive stress (nominal) sustained at the moment of failure

1.3 This standard may involve hazardous materials, oper- of the test specimen if shattering occurs.
ations, and equipment. This standard does not purport to 3.1.5 compressive stress (nominalb-the compressive load
address all oftile safety problems associated with its use. It is per unit area of minimum original cross section within th-,
the responsibility of the user of this standard to establish gage boundaries. carrned by the test specimen at any given
appropriate safiety and health practices and determine the moment. It is expressed in force per unit area.
applicabilitY of regulatorYv limitations prior to use. NOTE 3-The expression of compressive properties in terms of the

minimum original cross section is almost unive.rsallyl used. Under some
2. Referenced Documents circumstances the compressive properties have been' expressed per unit

2. 1 STM tandrds:of prevailing cross section. These properties arc called -truc- compres-
2.1~s ASTuopSandards

D 618 Methods of Conditioning Plastics and Electrica!
Insulating Materials for Testing 2  3.1.6 compressive stress-strain diagrant-a diagzram in

* 638 Test Method for Tensile Properties of Plastics2 which values of compressive stress are plotted as ordinates
D 695M Test Method for Compressive Properties of Rigid against corresponding values of compressive strain as ab-

Plastics f Metric]2  scissas.
*)3410 Test Method for Compressive Properties of Unidi- 3.1.7 comnpres~sive y ield point-the first point on the

rectional Crossply Fiber-Resin Composites 3  stress-strain diagram at which an increase in strain occurs
D)4066 Specification for Nylon Injection and* Extrusion without an increase in stress.

Materials' 3.1.8 compressive Yield strengtzh-normally the stress at
F 4 Practices for Load Verification of Testing Mach ints4 .5  the ylield point (see also 3.1!~
L- 83 Practice for Verification and Classification of Exten- 3.1.9 crushing load-the maximum compressive force

someters 5  applied to the specimen, under the conditions of test, that
E 691 Practice for Conducting an Interlaboratory Test produces a designa-ted degree of failure.

Study to Determine the Precision of Test Nlethod st 3. 1. 10 niodhiis qfelasticity' -thc ratio of stress (nominal)
to corresponding strain below the proportional limit of a

31. Terminology material. It is expressed in force per unit area based on the
3.1 Definitions: average initial cross-sectional area.

3.1.11 o4641t comipressi .ve yield .strcm, tl-the stress at
which the stress-strain curve departs from linearity by i

........2C :h., iwrsi~tgwior M. *NSINi C'rnntrttc D-2- n specified percentage of dloOrniatiuti (sillsct i.
lI'stics and a, the direct rcsponssabdii of subcommittee w)20.to on Mcchanici: 3..2 1'cmtg cnprsie trnth co rsie
Propeflies.!111 ecnaecmrAsv ri th copsie

Current edition uipproscd Jan. 27, 1Q98t. Published %larch 4989. Onysnali,% deformation of a test specimen expressed as a percentage ol'
published as D 645 - 4' T. Last presious edition D 6945- N.1. the original gage length.

.4rniial Hisu.& ipf.4srll Slandarid3. Vol 011.0. 3.1.13 proporitinau-l limit-the greatest stress thatt a .. ze
ini': :A-.' tfs .*(ISTI f StandaLrd. Vol 1 5.0'3. rial is capable of sutmainii ng wit Iiout In\ de'iation frow

I':':~g Rs~ a".4551 N:~:;J.rJ ~.a 0513.proportional it y of stress to strain OI hole's la\\ ). It is ex.

'..Inniaal v fJS*% AStIandardif. Vol 14.02. pressed in force per unit area.

198 0.



D 695

3.1.14 slenderness ratio-the ratio of the length of a .......
column of uniform cross section to its least radius of
gyration. For specimens of uniform rectangular cross section. "1.-Haidened Block
the radius of gyration is 0.2S9 times the smaller cross- d.

Ncctiotnal dimension. F-or specimcns of unitborr circular cross Rod. ___

wection. the radius of gyration is 0.250 times the diameter. Load Strut

4. Significance and Use
- Frome

4.1 Compression tests provide information about the
compressive properties of plastics when employed under
conditions approximating those under which the tests are
made. - Plunger

4.2 Compressive properties include modulus of elasticity, Hardened Block

vield stress, deformation beyond yield point, and compres-
,ire strength (unless the material merely flattens but does not se

fracture). Materials possessing a low order of ductility may 'o be Fat-

nnt exhibit a yield point. In the Icase ofa material that fails in a rB

compression by a shattering fracture, the compressive
strength has a very definite value. In the case of a material ,

that does not fail in compression by a shattering fracture, the Testin Machine

compressive strength is an arbitrary one depending upon the
degree of distortion that is regarded as indicating complete NOTE-Devices sinilar to the one illustrated have been successfully used in a

number of different laboratories. Details of the device developed at the National
failure of the material. Many plastic materials will continue Bureau of Standards are given in the paper by Aitchinson, C. S.. and Miller. J. A.,

to deform in compression until a flat disk is produced, the "A Subpress for Compressive Tests," Nall. Advisory Committee for Aeronautics,
compressive stress (nominal) rising steadily in the process. Technical Note No. 912. 1943.

without any well-defined fracture occurring. Compressive FIG. I Subpress for Compression Tests
strength can have no real meaning in such cases.

4.3 Compression tests provide a standard method of , / / ,/,
obtaining data for research and development, quality con- / /Testng Machine Head ;7.
trol, acceptance or rejection under specifications, and special />'/,,'/,f%',,',/// .",,<',,,
purposes. The tests cannot be considered significant for Hardened- I -"-,Hardened
engineering design in applications differing widely from the
load-time scale of the standard test. Such applications
require additional tests such as impact, creep, and fatigue.

6roundl
ard Lapped

5. Apparatus

5.1 Testing .fachine-Any suitable testing machine ca-
pable of control of constant-rate-of-crosshead movement and
comprising essentially the following: Ts t -~°nn... -- 1--- and Ground

5.1.1 Drive Mechanismi-A drive mechanism for im-.-,d
parting to the cross-head movable member. a uniform.
controlled velocity with respect to the base (fixed member).
this velocity to be regulated as specified in Section 9. ostng Maochine Head

i.1.2 Load Indicator-A load-indicating mechanism ca-
pable of showing the total compressive load carried by the
test specimen. The mechanism shall be essentially free from FIG. 2 Compression Tool

inertia-lag at the specified rate of testing and shall indicate
the load with an accuracy of ±1 % of the maximum ments for a Class B-2 extensometer as defined in Practice
indicated value of the test (load). The accuracy of the testing E 83.
machine shall be verified at least once a year in accordance NoTE 4-The requirements for extcnsometetrs cited herein apply to
'A•ith Practices E 4. compressometers as well.

5.2 Conipressoneter-A suitable instrument for deter- 5.3 Compression Tool-A compression tool for applying
mining the distance between two fixed points on the test the load to the test specimen. This tool shall be so con-
specimen at any time during the test. It is desirable that this structed that loading is axial within 1:1000 and applied
instrument automatically record this distance (or any change through surfaces that are flat within 0.025 mm (0,001 in.)
in it) as a function of the load on the test specimen. The and parallel to each other in a plane normal to the vertical
instrument shall be essentially free of inertia-lag at the loading axis. Examples of suitable compression tools are
specified rate of loading and shall conform to the require- khown in Figs. I and 2.
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S....... -length is twice its principal width or diameter.
specimen sizes are 12.7 by 12.7 by 25.4 mm (0.50 i
I in.) (prism), or 12.7 mm (0.50 in.) in diameter b%
(I in.) (cylinder). Where elastic modulus and-ol
stress data are desired, the test specimen ghall 1"

, dimensions that the slenderness ratio is in the rant_
to 16:1. In this case, preferred specimen sizes ar
12.7 by 50.8 mm (0.50 by 0.50 by 2 in.) (prism), or
(0.50 in.) in diameter by 50.8 mm (2 in.) (cylinde:

6.3 For rod material, the test specimen sha,
"diameter equal to the diameter of the rod and a

L-4 . -- , length to allow a specimen slenderness ratio in
-. A ag- .r-., from II to 16:1.

6.4 When testing tubes, the test specimen sho
diameter equal to the diameter of the tube and aFIG. 3 Support Jig for This Specimen 25.4 mm (I in.) (Note 5). For crushing-load deteri

5.4 Supporring Jig-A supporting jig for thin specimens is (at right angles to the longitudinal axis). the spec
shw SporinFgs.3 and 4i r nshall be the same, with the diameter becoming theshown in Figs. 3 and 4.
5.5 Micrometerr-Suitable micrometers. reading to 0.01 NOTE 5-This specimen can be used for tubes with a w",

mm or 0.001 in. for measuring the width, thickness, and oft mm (0.039 in.) or over, to inside diameters of 6.4 mm ,
length of the specimens. over, and to outside diameters of 50.8 mm (2.0 in.) or less.

-6.5 Where it is desired to test conventional high
6. Test Specimens laminates in the form of sheets. the thickness of wh

6.i Unless otherwise specitied tn the materials specifica- than 25.4 mm (1 in.), a pile-up of sheets 25.4 mt
tions, the specimens described in 6.2 and 6.7 shall be used. square, with a sufficient number of layers to producc
These specimens may be prepared by machining operations of at least 25.4 mm (I in.), may be used.
from materials in sheet, plate, rod. tube. or similar form. or 6.6 When testing material that may be susr
they may be prepared by compression or injection molding anisotropy, duplicate sets of test specimens shall be
of the material to be tested. All machining operations shall having their long axis respectively parallel with anc
be done carefully so that smooth surfaces result. Great care to the suspected direction of anisotropy.
shall be taken in machining the ends so that smooth, flat 6.7 Reinforced Plastics, Including High-Strength
parallel surfaces and sharp, clean edges to within 0.025 mm ites and High-Strength Composites and Highly Or,
(0.001 in.) perpendicular to the long axis of the specimen, Laminates-The following specimens shall be
result. reinforced materials, or for other materials when nec

6.2 The standard test specimen, except as indicated in 6.3 comply with the slenderness ratio requirements or t
to 6.7, shall be in the form of a right cylinder or prism whose attachment of a deformation-measuring device.

S' •¢e= I EIT1lC- 10Sl1,ITISW
,L",.ER SY$Tt•M S STE[M

A- ' • 40.- Ots

C $35 .250

I I 0 236 .9375

C 345 ''4375

G' ~ T soit2

1 47. __ _ 6'75

r I36.0 1300

K It.? $00

L 730 faa?5

NOTIE I --Cold rated steel.
MMT 2-Ftirusta'd four steel mectv' screws old nuts, round head. slotted. *enth 31.75 rnm (19/4 in.).
NOTt 3--Grnd surfac denoted -Gr.--

FIG. 4 Support Jig, Details
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3.81 cmSIt.5")

190,CM 1.27 cn,
(075") (0.50")

7.94 cm

(3 3.81cm RADIUS

(1.5"1

FIG. 5 Compression Test Specimen for Materials Less than 3.2 mm Thick

6.7.1 For materials 3.2 mm ('A in.) and over in thickness, in the case of isotropic materials.
;pecic;.-n shall consist of a prism having a cross section of R .2 Ten specimens. five n,-rna! to :nd fivc rarallcl with

12.7 mm ('1: in.) by the thickness of the material and a the principal axis of anisotropy. shall be tested for each
length such that the slenderness ratio is in the range from 11 sample in the case of anisotropic materials.
to 16:1 (Note 6). 8.3 Specimens that break at some obvious fortuitous flow

6.7.2 For materials under 3.2 mm ('/s in.) thick, or where shall be discarded and retests made. unless such flaws
elastic modulu, testing is required and the slenderness ratio constitute a variable, the effect of which it is desired to study.
does not provide for enough length for attachment of a
compressometer or similar device, a specimen conforming to 9. Speed of Testing
that shown in Fig. 6 shall be used. The supporting jig shown 9.1 Speed of testing shall be the relative rate of motion of
in Figs. 3 and 4 shall be used to support the specimen during the grips or test fixtures during the test. Rate of motion of the
test (Note 7). driven grip or fixture when the machine is running idle may

NoTrE 6-If failure for materials in the thickness range of 3.2 mm ('/A be used if it can be shown that the resulting speed of testing is

mn.) is by delamination rather than by the desirable shear plane fracture, within the limits of variation allowed.
the material may be tested in accordance with 6.7.2. 9.2 The standard speed of testing shall be 1.3 ± 0.3 mm

NOTE 7-Round-robin tests have established that relatively satisfac- (0.050 ± 0.010 in.)/min. except as noted in 10.5.4.
tory measurements of modulus of elasticity may be obtained by applying
a compressometer to the edges of the jig-supported specimen. 10. Procedure

6.8 When testing syntactic foam. the standard test spec- 10.1 Measure the width and thickness of the specimen to
imen shall be in the form of a right cylinder 25.4 mm (I in.) the nearest 0.01 mm (0.001 in.) at several points along its
in diameter by 50.8 mm (2 in.) in length. length. Calculate and record the minimum value of the

cross-sectional area. Measure the length of the specimen and
7. Conditioning record the value.

7.1 Conditioning-Condition the test specimens at 23 ± 10.2 Place the test specimen between the surfaces of the
2"C (73.4 ± 3.6"F) and 50 ± 5 % relative humidity for not compression tool. taking care to align the center line of its
less than 40 h prior to test in accordance with Procedure A of long axis with the center line of the plunger and to ensure
Methods D 618. for those tests where conditioning is re- that the ends of the specimen are parallel with the surface of
quired. In cases of disagreement. the tolerances shall be I'C the compression tool. Adjust the crosshead of the testing
(i.8"F) and _2 % relative humidity, machine until it just contacts the top of the compression tool

7.1.1 Note that for some hygroscopic materials, such as plunger.
nylons, the material specifications (for example. Specitica- NorF s-rhe compression tool may not be necessar, fbr testing of

tion D 4i066) call for testing -dry as-molded specimens." loer modulus Ifir example. 100 ITIx) lo 500 1W00 psoi material if the

Such requirements take precedence over the above routine loading surfaces are maintained smooth, flat. and parallel to the extent

preconditioning to 50 % RH and require sealing the speci- that buckling is not incurred.
mens in water vapor-impermeable containers as soon as 10.3 Place thin specimens in the jig (Figs. 3 and 4) so that
molded and not removing them until ready lbr testing. they are flush with the base and centered (Note 9). The nuts

7.2 Te.•'t Conditions-Conduct tests in the Standard Lab-
or screws tin the jig shall he linger tight (Note 10). Place the

oratory Atmosphere of 23 ± 2°C(73.4 ± 3.6°F) and 50 -- assembly in t
relative humidity. unless otherwise specified in the test
methods. In cases of disagreement. the tolerances shall be Note 9-A round.robin test. designed to assess the influence of

I'C (.F) and ±t2 7 relative humidity. specimen positioning in the supporting jig (that is. flush %ersus centered
--- - F)mounting). showecd no significant effect on compressive strength due to

this %anable. Howeser. flush mounting of the specimen %ith the base of
8. Number of Test Specimens the jig is specitied foir convenience and ease of mounting. Substantiating

8.1 At least five specimens shall be tested for each sample data are tiled at .. STM lleadquaners (RR:D20-106I).
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I'TLE 10-A round-robin test on the ctl'ct of literal pin"uiu .4t the X' = arithmetic mean of* the set of" obserations.
stip-oning jig has established that reproducible data can xe obtained NOTE I I-The method for determining the offset comph,
witc, the tightness of the jig controlled as indicated, strength is similar to that described in the Annex of Test Melt

11.4 If only compressive strength or compressive yield 11.7 See Appendix XI for information on toe c,
strt.gth. or both. arc desired, proceed as l'h iol.

11.4.1 Set the speed control at 1.3 mm/min (0.050
iri./rnin) and start the machine. 12. Report

V1.4.2 Record the maximum load carried by the specimen 12.1 The report shall include the following:
during the test (usually this will be the load at the moment of 12.1.1 Complete identification of the materi.
rup.ure). including type. source, manufacturer's code numb

).5 If stress-strain data are desired, proceed as follows: principal dimensions, previous history. etc..
Wd.5.1 Attach comprcssometer. 12.1.2 Method of preparing test specimens.
10.5.2 Set the speed control at 1.3 mm/min (0.050 12.1.3 Type of test specimen and dimensions.

in./min) and start the machine. 12.1.4 Conditioning procedure used.
10.5.3 Record loads and corresponding compressive 12.1.5 Atmospheric conditions in test room.

strain at appropriate intervals of strain or. if the test machine 12. 1.6 Number of specimens tested.
is equipped with an automatic recording device, record the 12.1.7 Speed of testing.
complete load-deformation curve. 12.1.8 Compressive strength, average value, and

11.5.4 After the yield point has been reached, it may be do iation,.
desirable to increase the speed from 5 to 6 mm/min (0.20 to 12.1.9 Compressive yield strength and offset vieldi
0.,25 in./min) and allow the machine to run at this speed average value, and stan"dard deviation, when of intoufitaerag vahue speime standard Thiston when be doennlwth
uhtil the specimen breaks. This may be done only with 12.1.10 Modulus of elasticity in compression (if r%
rdl, 'ively ductile materials and on a machine with a weighing average value, standard deviation, and
system with response rapid enough to produce accurate 12.1.11 Date of test.
results.

13. Precision and Bias7

11. Calculation 13.1 Tables I and 2 are based on a round robin c€(
11.1 Compressive Strength-Calculate the compressive in 1987 per Practice E 691. involving three materin

strength by dividing the maximum compressive load carried by six laboratories for D 695M. Since the test pal
by the specimen during the test by the original minimum overlap within tolerances and the test values are nor.
cross-sectional area of the specimen. Express the result in the same data is used for both methods. For each
megapascals or pounds-force per square inch and report to all of the samples were prepared at one source. E
three significant figures. result was the average of five individual determi

11.2 Compressive YieldMStrength-Calculate the compres- Each lab obtained two test results for each material,
sire yield strength by dividing the load carried by the NOTE 12-Caution: The following explanations of r an,'
specimen at the yield point by the original minimum through 13.2.3) are only intended to present a meaningfi
cross-sectional area of the specimen. Express the result in considering the approximate precision of this test method. T.
megapascals or pounds-force per square inch and report to Tables I and 2 should not be rigorously applied to acce
three significant figures. rejection of material, as those data are specific to the round

11.3 Ofset Yield Strength-Calculate the offset yield may not be representative of other lots. conditions, m.-
laboratories. Users of this test method should apply the

strength by the method referred to in 4.10. outlined in Practice E 691 to generate data specific to their
11.4 .Miodults of Elasticity.-Calculate the modulus of and materials or between specific laboratories. The principl

elasticity by drawing a tangent to the initial linear portion of through 13.2.3 would then be valid for such data.
the load deformation curve: selecting any point on this 13.2 Concept of r and R-If S (r) and S (R) h
straight line portion, and dividing the compressive stress calculated from a large enough body of data, an.
represented by this point by the corresponding strain. meas- results that were averages from testing five specimt
ure from the point where the extended tangent line intersects 13.2.1 Repeatability. r-Comparing two test n
the strain-axis. Express the result in gigapascals or pounds- the same material, obtained by the same operator
force per square inch and report to three significant figures. same equipment on the same day. The two re:

11.5 For each series of tests. calculate to three significant should be judged not equivalent if they di(Ter by rr
figures the arithmetic mean of all values obtained and report the r value for that material.

as the -average value" for the particular property in question. 13.t.2 Reproducibility .R-Comparing two resuh

11.6 Calculate the standard deviation (estimated) as fol- same material. obtained by different operators u
lows and report to two significant figures: ferent equipment on different days. The two tes

s ."....(n - 1) should be judged not equivalent if they differ by mot
w v(~X2  value for that material.

where:

s - estimated standard deviation.
x = value of single observation. Supporting data are a•ailable from ASTM Iteadquanetm, R
n - number of observations. and D-:.lO-100.
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13.2.3 Anyjudgement per 13.2.1 and 13.2.2 would have 13.3 There are no recognized standards by which to

an approximate 95 % (0.95) probability of being correct. estimate bias of this test method.

(Nonmandatory Information)

Xl. TOE COMPENSATION

X 1. In a typical stress-strain curve (Fig. X I. 1) there is a any point along the line CD (or its extension) by the strain at

toe region, .-AC. that does not represent a property of the the same point (measured from point B. defined as zero-

material. It is an artifact caused by a takeup of slack, and strain).

alignment or seating of the specimen. In order to obtain X1.3 In the case of a material that does not exhibit any

correct values of such parameters as modulus. strain, and linear region (Fig. X I.2). the same kind of toe correction of

offset yield point, this artifact must be compensated for to the zero-strain point can be made by constructing a tangent

We the corrected zero point on the strain or extension axis. to the maximum slope at the inflection point (1H'). This is

XI.2 In the case of a material exhibiting a region of" extcnded to intersect the strain axis at point B'. the corrected

Hookean (linear) behavior (Fig. X 1.1). a continuation of the zero-strain point. Using point B' as zero strain, the stress at

linear (CD) region of the curve is constructed through the any point (G') on the curve can be divided by the strain at
that point to obtain a secant modulus (slope of line B' G').

zero-stress axis. This intersection (B) is the corrected zero- th o materalsewit n o le gon. an atte to use
stran pint romwhic al extnsins o stainsmus beFor those materials with no linear region., any attempt to use

strain point from which all extensions or strains must be the tangcnt through the inflection point as a basis for

measured. including the yield offset (BE), if applicable. The determination of an offset yield point may result in unac-

elastic modulus can be determined by dividing the stress at ceptable error.

/ I.

/ 
ill

C

//

A a E Strain Strain

No0T-Some cnart recorders plot the minor image of this graph. NoTE-Some chart recorders plot the mirror image of this grao'.

FIG. X1.1 Material with Hookean Region FIG. X1.2 Material with No Hookean Region

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in Connwction

with any otvm mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such

patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every t o years and

if not revised, either reapproved or withdrawn. Your comments are invitOOther for revision of this standard or for ad••itoalstandards
and should be addressed to ASTM Headquarters. Your comments wilt receive careful Consideration at a meeting of the trwponsibl

technmcal committee, which you may attend, It you feel that yout comments nave not received a lair hearing you shood Pake yaw

views known to the ASTM Committee on Standards, 1916 Race St.. Philadelphia, PA 19103,

203



D0695

4. Definitions 4.12 modulus of elasticity--the ratio of stress

4.1 compressive stress (nominal)-the corn- (nominal) to corresponding strain below the pro-
pressive load per unit area of minimum original porlional limit of a material. It is expressed in
cross section within the gage boundaries, carried force per unit area based on the average initial
by the test specimen at any given moment. It is cross-sectional area
expressed in force per unit area. 4.13 slenderness ratio-the ratio of the length

of a column of uniform cross section to its leastNOTE I--The expression of compressive poete

in terms of the minimum original cross section is almost radius of gyration. For specimens of uniform
universally used. Under some circumstances the corn- rectangular cross section, the radius of gyration
pressive properties have been expressed per unit of is 0.289 times the smaller cross-sectional dimen-
prevailing cross section. These properties are caled sion. For specimens of uniform circular cross
"true compressive p s section, the radius of gyration is 0.250 times the

4.2 compressive strength-the maximum diameter.
compressive stress (fiominal) carried by a test 4.14 crushing load-the maximum compres-
specimen during a compression test. It may or sive force applied to the specimen, under the
may not be the compressive stress (nominal) conditions of test, that produces a designated
carried by the specimen at the moment of rup- degree of failure.
ture.

4.3 compressive strength at failure (nomi- 5. Apparatus
nal)-the compressive stress (nominal) sustained 5.1 Testing Machine-Any suitable testing
at the moment of failure of the test specimen if machine capable of control of constant-rate-of-
shattering occurs.

4.4 compressive deformation-the decrease in crosthead movement and comprising essentially
length produced in the gage length of the tathe stllowive
specimen by a compressive load. It is expressed for imparting to the cross-head movable mem-
in units of length. for con t roll ed v oity w ere -

4.5 compressive strain-the ratio of compres- ber, a uniform, controlled velocity with respect
sive deformation to the gage length of the tt to the base (fixed member), this velocity to be

specimen, that is, the change in length per unit regulated as specified in Section 9.

of original length along the longitudinal axis. It 5.1.2 Load Indicator-A load-indicating

is expressed as a dimensionless ratio. mechanism capable of showing the towal com-

4.6 percentage compressive- strain-the com- pressive load carried by the test specimen. The

pressive deformation of a test specimen expressed mechanism shall be essentially free from inertia-
as a percentage of the original gage length. lag at the specified rate of testing and shall indi-

4.7 compressive stress-strain diagram--a dia- ca- e the load with an accuracy of -1% of the

gram in which values of compressive strs are maximum indicated value of the test (load). The
plotted as ordinates against corresponding values accuracy of the testing machine shall be verified
of compressive strain as abscissas. at least once a year in accordance with Methods

4.8 compressive yield point-the first point on E 4.

the stress-strain diagram at which an increase in 5.2 Compressometer-A suitable instrument

strain occurs without an increase in stress. for determining the distance between two fixed

4.9 compressive yield strength-normally the points on the test specimen- at any time during

stress at the yield point (see also 4. 10). the test. It is desirable that this instrument auto-

4.10 offset compressive yield strength-the matically record this distance (or any change in

stress at which the stress-strain curve departs it) as a function of the load on the test specimen
from linearity by a specified percentage of defor- The instrument shall be essentially free of inertia-maion (offset). lag at the specified rate of loading and shall

4.11 proportional limit-the greatest stress conform to the requirements for a Class 5-2
that a material is capable of sustaining without extensometer as defined in Method E 83.
any deviation from proportionality of stress to NoT! 2-The requirtmeaus for exwote cited
strain (Hooke's law). It is expressed in force per herein apply to compresmmetmrs as well,
unit area. .5.3 Compression Tool-A compression took

285



4J3 D695

for applying the load to the test specimen. This a wail thickness of I mm (0.039 in.) or over, to inside
tool shall be so constructed that loading is axial diameters of 6.4 mm (0.25 in.) or over, and to outside
within 1:1000 and applied through surfaces that diameer of 50.8 mm (2.0 in.) or less.
are flat within 0.025 mm (0.001 in.) and parallel 6.5 Where it is desired to test conventional
to each other in a plane normal to the vertical high-pressure laminates in the form of sheets the
!oading axis. Examples of suitable compression thickness of which is less than 25.4 mm (0 in.).
toolk are shown in Figs. I and 2. a pile-up of sheets 25.4 mm (1 in.) square, with

5.4 Supporting Jig-A supporting jig for thin a sufficient number of layers to produce a height
specimens is shown in Figs. 3 asd 4. of at least 25.4 mm (1 in.), may be used.

5.5 Micromelers-Suitable micrometers, 6.6 When testing material that may be sus-
reading to 0.01 mm or 0.001 in. for measuring pected of anisotropy, duplicate sets of test speci-
the width, thickness, and length of the specimens. mens shall be prepared having their long axis

respectively parallel with and normal to the sus-
6. Test Specimens pected direction of anisotropy.

6.1 Unless othewise specified in the materials 6.7 The following specimens shall be used for
specifications, the specimens described in 6.2 and glass-reinforced materials, or for other materials
6.7 shall be used. These specimens aay be pre- when necessary to comply with the slenderness
pared by machining operations from materials ratio requirements or to permit attachment of a
in sheet, plate, rod, tube, or similar form, or they deformation-measuring device.
may be prepared by compression or injection 6.7.1 For materials 3.2 mm (1/i in.) and over
molding of the mate-Wi to be tested. All machin- in thickness, a specimen shall consist of a prism
inr op;ra:ions shaL!a be done carefully so that having a cross section of 12.7 mm ('1 in.) by the
smooth surf2cvs resulL Great care shall be taken thickness of the material and a length such that
ia machinring the ends so that smooth, flat par. the slenderness ratio is in the range from 1 to
alicl -urfaces and sharp, clean edges to within 15:1 (Note 4).
0.025 rom (0.001 in.) perpendicular to the long 6.7.2 For materials under 3.2 mm (VA, in.)
axa!, of the specimen, result. thick, or where elastic modulus testing is required"6.2 The standard test specimen, except as in- and the slenderness ratio does not provide for

P." dicaied in 6.3 to 6.7, shall be in the form of a enough length for attachment of a compress-
right cylinder or prism whose length is twice its ometer or similar device, a specimen conforming
principal width or diameter. Preferred specimen to that shown in Fig. 5 shall be used. The sup-
sizes are 12.7 by 12.7 by 25.4 mm (0.50 by 0.50 porting jig shown in Figs. 3 and 4 shall be used
by 1 in.) (prism), or 12.7 mm (0.50 in.) in di- to support the specimen during test (Note 5).
ameter by 25.4 mm (I in.) (cylinder)., Where NoTE 4-If failure for materials in the thcknm
elastic modulus and offset yield-stress data are rnge of 3.2 mm ('A in.) is by delamination rather than
desired, the test specimen shall be of such dimen- by the desirable shear plane fractu, the material may

be tested in accordance with 6.7.sions that the slenderness ratio is in the range NoTE 5-Round-robin tests have esablished thai
from 11 to 15:1. In this case, preferred specimen relativelysatisfactory measurementsoof modulusofela*
sizes are 12.7 by 12.7 by 50.8 mm (0.50 by 0.50 ticity may be obtained by applying a compressometv
by 2 in.) (prism), or 12.7 mm (0.50 in.) in di- to the edges of the jig-supported specimen.
ameter by 50.8 mm (2 in.) (cylinder). 6.8 When testing syntactic foam. the standard

6.3 For rod material, the test specimen shall test specimen shall be in the form of a righl
have a diameter equal to the diameter of the rod cylinder25.4 mm(I in.)in diameter by 50.8 tm
and a sufficient length to allow a specimen slen- (2 in.) in length.
derness ratio in the range from I 1 to 15:1.

6.4 When testing tubes, the test specimen shall 7. Coditioning
have a diameter equal to the diameter of the tube 7.1 Conditioning-Condition the tet sped-
and a length of 25.4 mm (I in.) (Note 4). For mewe at 23 ± 2"C (73.4 : 3.6F) and 50 ± S ,
crushing-load determinations (at right angles to relative humidity for not less than 40 h prior t(
the longitudinal axis), the specimen size shall be test in accordance with Procedure A of Metho!!
the same, with the diameter becoming the height. D 618, for those tests where conditioning 4 ne

Noam 3-This spdcimen =m be used for tubes with quired. In cases of disagreement, the toleane.
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shall be I C (1.8F) and ± 2 % relative humidity. compression tool. Adjust the crosshead of the
7.1.1 Note that for some hygroscopic mate- testing machine until it just contacts the top of

rills, such as nylons, the material specifications the compression tool plunger.
(for example, Specification D 4066) call for test- Non 6-mTe compression tool may not be neces-
ing "dry as-molded specimens". Such require- sary for testing oflower modulus (for example, 100 000
ments take precedence over the above routine to 500 000 psi) matexzWl if the loading surfaces am
preconditioning to 50 % RH and require sealing maintained smooth, flat, and parallel to the extent that

the specimens in water vapor-impermeable con- buckling is not incurred.

tainers as soon as molded and not removing them 10.3 Place thin specimens in the jig (Figs. 3
unti ready for testing. and 4) so that they are flush with the base and

7.: Test Conditions--Conduct tests in the centered (Note 7). The nuts or screws on the jig
Stir lard Laboratory Atmosphere of 23 ± 2"C shall be finger tight (Note 8). Place the assembly
(73.- ± 3.6"F) and 50 ± 5 % relative humidity, in the compression tool as described in 5.3.
unk - otherwise specified in the test methods. In NoTe 7-A round-robin test, designed to assess the
case', of disagreement, the tolerances shall be IC influence of specimen positioning in the Supportng jig
(1.8'F) and ±2 % relative humidity. (toat is, flush versus centered mounting), showed no

significant effect on compressive strength due to this
variable. However, flush mounting of the specime-

8. Number of Test Specimens with the base of the jig is specified for convenience and
8.1 At least five specimens shall be tested for ease of mounting. Substantiating data are filed at

each sample in the case of isotropic materials. ASTM Headquaners (RR:D-20-1061).
NoTE 8-A round-robin test on the effect of lateral

8.2 Ten specimens, five normal to and five pressure at the supporting jig has established that repro-
paral'el with the principal axis of anisotropy, ducible data can be obtained with the tighiness of the
shall be tested for each sample in the case of jig controlled as indicated.

anisc tropic materials. 10.4 If only compressive strength or compres-
8.3 Specimens that break at some obvious sive yield strength, or both, are desired, proceed

fortuitous flow shall be discarded and retests as follows:
made, unless such flaws constitute a variable, the 10.4.1 Set the speed control at 1.3 mm/min
effect of which it is desired to study. (0.050 in./min) and start the machine.
9. S d o10.4.2 Record the maximum load carried by

.Speed of Testing the specimen during the test (usually this will be

9.1 Speed of testing shall be the relative rate the load at the moment of rupture).
of motion of the grips or test fixtures during the 10.5 If stress-strain data are desired, proceed
test. Rate of motion of the driven grip or fixture as follows:
when the machine is running idle may be used if 10.5.1 Attach compressometer.
it can be shown that the resulting speed of testing 10.5.2 Set the speed control at 1.3 mm/min
is within the limits of variation allowed. (0.050 in./min) and start the machine.

9.2 The standard speed of testing shall be 1.3 10.5.3 Record loads and corresponding com-
- 0.3 mm (0.050 ± 0.010 in.)/min. except as pressive strain at appropriate intervals of strain
noted in 10.5.4. or, if the test machine is equipped with an auto-

matic recording device, record the complete
10. Procedure load-deformation curve.

10.1 Meamsure the width and thickness of the 10.5.4 After the yield point has been reached,
specimen to the nearest 0.01 mm (0.001 in.) at it may be desirable ;o increase the speed from 5
several points along its length. Calculate and to 6 mm/min (0.20 to 0.25 in./min) and allow
record the minimum value of the cross-sectional the machine to run at this speed until the speci.
area. Measure the length of the specimen and men breaks. This may be done only with rela-
record the value. tively ductile materials and on a machine with a

10.2 Place the test specimen between the sur- weighing system with response rapid enough to
faces of the compression tool, taking care to align produce accurate results.
the center line of its long axis with the center line
of the plunger and to ensure that the ends of the 11. Calculations

specinwcn are parallel with the surface of the 11.1 Compressive Strenigth-Calculate' the
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compressive strength by dividing the maximum S- 4((ZX` - rtx)lmn - 1

compressive load carried by the specimen during where:
the test by the original minimum cross-sectional wherev
,un of the specimen. Express the result in me- X - eated stndar devation,

gapascals or pounds-force per square inch and X = value of single observation,
report to three significant figures. n - number of observations, and

11.2 Compressive Yield Strength--Calculate X - arithmetic mean of the set of observation
the compressive yield strength by dividing the Nom 9-The method for determining the offs
load carried by the specimen at the yield point compssi ve yield strength is similar to that describt

by the original minimum cross-sectional area of the Annex of Test Method D 638.

the specimen. Express the result in megapascals 11.7 See Appendix X 1 for information on tc
.)r poundi-force per square inch and report to compensation.
hree significant figures.

11.3 Offset Yield Strength-Calculate the oft- 12. Report
.:ct yield strength by the method referred to in 12.1 The report shall include the following:
410. 12.1.1 Complete identification of the materi

11.4 Modulus of Elasticity--Calculate the tested, including type, source, manufacturer
modulus of elasticity by drawing a tangent to the code number, form, principal dimensions, pr
initial linear portion of the load deformation vious history, etc.,
curve, selecting any point on this straight line 12.1.2 Method of preparing test specimens,
portion, and dividing the compressive stress rep- 12.1.3 Type of test specimen and dimensior.
resented by this point by the corresponding 12.1.4 Conditioning procedure used,
strain, measure from the point where the ex- 12.1.5 Atmospheric conditions in test room
tended tangent line intersects the strain-axis. Ex- 12.1.6 Number of specimens tested,
press the result in gigapascals or pounds-force 12.1.7 Speed of testing,
per square inch and report to three significant 12.1.8 Compressive strength, average
figures. and standard deviation,

11.5 For each series of tests, calculate to three 12.1.9 Compressive yield strength and oil's
significant figures the arithmetic mean of all val- yield strength average value, and standard devi
ues obtained and report as the "average value" tion, when of interest,
for the particular property in question. 12. 1. 10 Modulus of elasticity in compressic

11.6 Calculate the standard deviation (esti- (if required), average value, standard deviatio
mated) as follows and report to two significant and
figures: 12.1.11 Dateoftest.

288



4B, D 695
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Radius*----- --
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NOTE-Devices similar to the one illustrated have
been successfully used in a number of different labora.
"tories. Details of the device developed at the NationalPFomne Bureau of Standards are given in the paper by Aitchison.
C. S.. and Miller. 1. A.. "A Subpress for Compressive
Tests.� Natl. Advisory Committee for Aeronautics. Tech.
nical Note No. 912. 1943.
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NE" 2-FurnMised four steel machine scrws and nuts, round bead, slotted length 31.75 mm (1'/4 in.).

l. ' 3--Grind surtcs denoted 'Gr."
FIG. 4 Seppet J. Detals
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APPENDIX

(Noumadatory Informatios)

XI. TOE COMPENSATION

X1.1 Ina typical strus-strain curve (Ftg. XI.) there be compensated for to give the cotmc: wo point on
is a toe region, AC, that does not represent a property the strain or extension axis.
of the material. It is an artifact caused by a takeup of XI.2 In the case of a material eJhibiting a region of
slack, and alignment or seating of the specimen. In Hookens (linear) behavior (Fig. XII), a continuation
o- ier to obtain correct values of such parameters as of the Linear (CD) region or the curve is conarocted
i. lulus, strain, and offset yield point, this artifact must through the zero-stress axis. Thititersection (B) "- the
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GE P1.62tas a, Poe,~t Averlu At~atard WA 0!2?,'
Txmnmn Sples Setvics 41!w

34aw-'1t3 •4- 77y1

ULTU: 1000 AVAILABILITY: Europe, USA
COMMERCIAL

Unrsinforced. 392F (200C) DTUL at 264 psi, ULi4 V-0/5V rated,

EXTRUSION-USA

NOTE: Release grades (grede numbers ending in 1), plate-out and/or
die build-up may occur aue to the interna release agent.

DRYING 4 hra at 30OF

TEMPERATURES (F)
MELT 625-675

REAR 1 615-660
MIDDLE 625-675
FRONT 625-675

DIE PRESSURE (psi) 1200-20000

SCREW DESIGN 1.8 to 2.8:1.0 Compression Ratio
16 to 24:1 L/D

SCREW SPEED (rpm) 10-70

PURGE: HDPE or uaimied polycarbonate.

INJECTION MOLDING

DRYING - 4 bra @ 300F, in trays (hopper dZyer preferred while molding)

MELT TEMPERATURE (F) 640-800 (typically 675-725)

CYLINDER TEMPERATURES (F) Rer - 590-700 Front - 650-800
Center • 620-750 Nozzle - 650-77%

MOLD TEMPERATURES (F) 250-350 (typically 275) Increased mold tempera-
ture will increase flow, improve surface
and reduce molded-in stress.

MOLDING PRESSURES (psig) Booster (let Stage) 1000-1800
Holding (2nd Stage) 800-1500
Back 50-200

SCREW DESIGN 1,5 to 3.0:1.0 compression ratio, 16 to 24:1 L/D

RAM SPEED Medium to fast

CLAMP PRESSURE 2-4 tons psi -- unreinforced
4-6 tons psi g glass reinforced

SCREW SPEED 50-200 rpm

FURGE: Fractional melt index - HDPE. glass reinforced palycarbonate.
Begin purlint at Irocessin, temperature and reduce barrel temperatures
to about 00 whie continuing to purge.

Source Eris, print date: 92/01/28. last updated: 92/01/27
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Tecinev Sales Se•.e "34434•3

'LTEM: 1000 AVAZLABZLITY: e, "SA

Unre.nforced. 392F (200C) DTUL at 264 psi, UL.94 V-0/5V rated..

PROPETY TYPICAL. DATA UN•IIT rI,'OD

MECHANICAL
Tensile Strength, yield, Type 1, 0.1250 15200 ?2. ASTN D 638
Tensile Elongation, yeld. ,ype 1 0.125' 7.0 Z AST. D 638
Tensils Elongatn&ion, break, T4e o 0.125" 60.0 AST!1 D 638
Flexural Strenth yielt,, O.2Yw 22000 psi ASTM D 790
Flexural 1oulus, 0.125" 480000 psi ASTX D 790
Compressive Sre-ngth 21900 psi ASTh D 695
Compressive liad•,.lu.&s ,80000 psi AS.! D 695
Shear Strongth 15000 p5 AS7.T D 732
Ra rnees, Rockwell Y 109 ASTM D 785
T:Abe Abrasion, CS-17, 1 k% 10 g/lOOOcy AS.-. D 1044

"IMPACT
Izod Impact, unotched. 73F 25.0 ft-lb/iz ASTM 0 256
Zzod Impact. niotched. 73F .0 ft-l:b/L= ASTh D 256
Gardner Impact, 73F27 ft be ASIM 0 3029

THERMAL
Vi.€t So:enina TOm, lRate 5 426 d.o F ASTI( D '525
XDT, 66 psi. 0.25 0". 1Ums aled 410 dog F AS1TM D 498
LMDT, 264 psi, 0. 250p unnnealed 392 dog F AST. D 648
Thermal Conc'veit 0.22 W/m-C ABSI C 177
CTZ, flow, OF to 30;F3.. 1i- in/in-F AMT E 831
CT:. xflow. oF to 300o 3.0 Z-5 in/in-F AM S 831
Thermal Index, Else Prop 170 4do a UL 746B
Thermal Index. Koch Prop with impact 170 dag C UL 7463
Thermal Index. Koch prop without impact 170 deg C UL 746B

PHYSICAL
Specific Gravity, solid 1.27 ASTM D 792
Water Absorption. 24 hours f 73F 0,250 AST! D 570
Watr: Absorption equilbrjua 73% .25 %AST D 570
Mold Shrinkgax, hlow, 0.12ir"7 73iJ/in 1-3 AST! P 955
Poisson's 8. ~io 0.36 ASIR D 638

ELECTRICAL
Volume sistivit.y 1 0 117 ohm-ca ASTIT 0 257
Dielectric Strength, in air, 62 mils 831 V/n1i ASTM 0 149
Dielectric Strength. in oil, 62 mils 710 V/mil ASTK D 149
Dielectric Stren-. in oil, 1.25 mils 500 V/mXil ASTM D 149
Dielectric Contant, 100 lLz 3.15 ASTM D 150Dielectric Constant, 1 Wig 3.15 ASTM D 150
Dissipation Factor, 100 Hz 0.0015 ASTM D 150
D1 Lip•atOn Factor. 1 kHz 0.0012 ASTY. D 150
Dissipation Faccor, 2450 MOz 0.0025 AST-- 0 150

F.LAME CHARACTE•ISTICS
Lt. File Number. USA E121562 -
94V-O Rated (tested thickness) 0.016 in t7. 94
94-5VA &a&in$ (tcoted thickness) 0.075 in Ut. 94
CSA (See File for complete liscing) LS88480 - File No. CSA LISTED
Oxygen Indax (M.CI) 47.0 % ASTM D 2863
N33 Smoke Density, flaming, Do 4 min 0.7 ASTM E 662
NBS Smoks Density, fla]Ing. Dmax 20 min 30.0 ASIM E 662

Source Eris, print dte: 92/01/28, last updated: 92/01/17

TRU1E PRDPETY VALUU ARE NOT MITDED FOR SPECIrZCATION UMhZSES
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This is a gener-i guide to molding
FORTROI, .Jlypnenylene sulfide
resins, a -. mi-y of high temperature.
lame retardant thermoplastics with
exceptional electncal properties.
While this brochure contains essen-
tial information required by molders,
it is also recommended that molders
discuss their particular requirements
for esins and equipment with a
FORTRON technical representative.
prior to molding an untamiliar for-
muiation.

FORTRON ooiypnenylene sulfide
resins are easy to process, and fill
molds readii\, since al. grades are in-
ternally luoricated Customer colors
are avaiiaole to order, and color con-
centrates are also available for mold-
ers who wish to color compound on
their injection molding machines.
FORTRON Polyphenylene sulfide
,esins are available in a wide variety
of grades.
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General Precautions Molding Equipment
When Molding
Fortron• FORTRON polyphenylene sulfide 200'F (93'C) to 300'F (150•C, .s

( resins are best molded on reciprocal- shown in figure 1. To ensure the max-
ing injection-screw injection molding imum properties the mold must

No par*icular hazards have been machines with a honzontal plasticat- therefore be heated ty oil or electric
identffi,-,d when molding FORTRON ing unit. To ensure the correct wori cartridge heaters to maintain the
resanst provided that standard indus- input to mrlt and mix the resin a pias- 275'F (135'C) minimum tempera-
try safety practices are followed. Lke ticating screw with a channel depth ture. Finally to ensure adeQuate flow
most thermoplastics. FORTRON will ratio from 2 to 3 is preferred. a nozzle with an onfice diameter
decompose and give off decomposi- greater thlan V& inch should be fitted
tion products if heated to very high To obtain the maximum properties to the barrel, A suck-bacx of up to a
temperatures. However. FORTRON from FORTRON resins the injection '/, inch may be recuireO on the mold-
is stable up to 700°F (370°C), well mold must be heated above 2751F ing machine to eliminate drooling In
above the limits of most polymers. As (135'C). This will ensure adequate cases of excessive drooling ie g ver,
a precaution, sufficient ventilation crystallization The relationship of ticai pressi reverse taper nozzies or
Should aiways be provided, mechanical properties to mold tem- nozzles with snut-off aives may a~sc

Terature shows high sensitivity fromr be used.To avoid thermaL decomoosition,

evolution of fumes. ano excessive
loads on the molding macnine, meit
temperatures should not exceed
"-00F (370'C), which is well above Figure 1 - Effects of Mold Temperature on Mecnanicai Properties
_. e normal processing range.
FORTRON should not be maintained 600.
at processing temperatures for long
periods of time. It is recommended
that the molding machine be shut- 500-
down. if it is idle for 15 minutes or
more. This is usualy sufficient time
to allow for process adjustments.

Upon start-up the operator should al- ý 4
low adeauate heating up time such -

that the barrel zone temperatures L- 300-
reach the set point temperatures be-
fore feeding the FORTRON pellets, /
or rotating the screw. The operator Z
should wear eye safety protection, 200- - -.--.

especially during injection purging.
The operator should also use proper
gloves, and other appropriate gar-
ments tor handling hot equipment. 100. .

and to prevent exposure of the skin 50 100 150 200 250 300 350 400
to molten polymer. The operator
should retract the injection unit dur- Mold Temperature. T
ing shutdown to avoid nozzle freeze-
up from contact with the mold.

Material Safety Data Sheets (MSDS)
are available for -" FORTRON
grades. and should be consulted
prior to molding.
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Drying Procedures Table I - Typical Machine Settings for FORTRONI- resins

Although FORTRON resins do not
absorb high percentages of atmo-
sohenc moisture, it is recommended Stock (melt) temperature 590-64OrF (310-338'C) -
that exposure to ambient air be kept Mold temperature 275-325IF (135-163C)
to a minimum.

Zone temperatures
FORTRON resins should be dned
before molding, to reduce the pos- Rear 585-635°F (307-335°C)
sibility of hydrolytic degradation. to Middle 590-640*F (310-338C)
minimize drooling from the nozzle.
and ensure a good surface appear- Front 600-640F (315-338*C)
ance. The following procedures will
produce an acceptable moisture Nozzle temperature 600-640rF (315-338*C)
level.

Injection pressure 5000-15000 psi (34-104 MPa
Using a dehumidifying air drier, Screw speed Minimum
or oven. the resin should be Cried
for 3-4 hours at 250-275'F Back pressure Minimum
(121-132°C).

Cushion V8 inch (3mm)
To limit moisture regain, a hopper
dner is preferred. Suck-back Up to '/2 inch (12mm), it required

Start-Up Procedure Molding Conditions Mold Temperature

The operator should allow the mold- The machine settings required to mold The most critical parameter for
ing machine to stabilize for 1/2 hour satisfactory parts from FORTRON molding FORTRON resins to ensure
at the recommended zone tempera- resins will vary depending upon the adequate crystallization in order to
tures oefore rotating the screw. part design, the mold. the machine obtain optimum properties. the mold

and the specific FORTRON grade temperature should exceed 275=F
The molding machine should then be being molded. (135*C). This high mold temperature
purged with polyoropylene at the rec- also provides excellent surface ap-
ommended temperatures for molding Typical settings which may be used pearance and minimizes post-mold
FORTRON. Once purged, FORTRON in molding FORTRON appear in shnnkage To achieve this mold tem-
may be fed to the unit and injection Table 1. Stock temperature should be perture, oil circulating heaters or
purged until only FORTRON is pre- checked with a pyrometer to ensure electric cartndge heaters should be
sent in the plasticating unit. The melt that it falls within the recommended employed.
temperature should be checked to range. Machine settings should be
ensure it is within the recommended adjusted if necessary to ensure that
range. the melt temperature remains within

the recommended range ot Table 1. Back Pressure

For optimum performance, the resi- A minimum setting for the back
dence time of the molten FORTRON pressure on the screw should be
in the barrel should be five minutes maintained This is especially irrpor-
or less. Shot sizes 30 to 70% of ma- tant when molding fiber-reinforced
chine barrel capacity provide recom- grades to minimize fiber breakage
mended residence times. and excessive shear heating.

0



Cooling Times FORTRON should never be left in Table 2 - Spiral Flow Length
the barrel, since the heat required to

Cooling times depend on the size, remelt the residual FORTRON may Spiral Flow
shape, wail thickness and complexity exceed the heater band capability. Fortron* in inches to
of the molded part, as well as the The molding machine would require PPS Grade nearest 25 in.
machine settings and mold design. disassembly to remove any residual
For companson purposes a part with FORTRON. 1140A1 1600
a 1/a inch thickness requires from (400/, glass)
25 to 30 seconds overall cycle. It is recommended that the molding
Due to the relatively hot mold tern- machine be shutdown, if it is to be 1140A4 24.50

perature. the high-strength Fonron idle for 15 minutes or more. Injection (40% glass)

parts are ejected quite hot, but with- purging may be conducted intermit- 1140L4 17.75
out distortion. tently to remove degrading polymer (40% glass)

and maintain fresh charges in the
plasticating unit. 6165A4 12.00

(65% mimglass)
Regrind

FORTRON is able to substantially Mold Design
retain its properties after several Mold materials
moldings. For this reason, up to 25% Although FORTRON presents no un-
uncontaminated FORTRON regrind usual difficulties for mold designers. FORTRON polypnenylene sulfide is
may be mixed with virgin resin, and it is recommended that prior to con- non-corrosive to all standard mate-
the resultant moldings will exhibit structing a prototype or production nals used in mold construction
only slight property loss (less than mold, a HOECHST CELANESE Some reinforcements and fillers may
101/% of onginal mechanical proper- Technical Service Engineer be con- cause abrasive wear. When molding
ties). Drying of regnnd and homoge- suited. This will allow the mold de- filled grades of FORTRON it is rec-
neously mixing it back into the virgin signer to take advantage of the ommended that wear resistant mate-
FORTRON are recommended. expertise in FORTRON mold design nals be used for surfaces which

that has previously been developed, contact the resin, just as with other
filled resins. Mold cavities should
be hardened to RC50-55 for filled

Cushion grades of FORTRON.

Flow length
The shot size should be adjusted to
allow a cushion between 1/Y to 1/, inch All FORTRON grades have low melt
at the end of the injection stroke. This viscosities and readily fill injection Gate location
will compensate for feed vanations molds. For companson purposes,
from shot-to-shot. mold designers are referred to Gates should be located to provide

Table 2 where the flow length of a flow that is uniform and uninter-
FORTRON is presented under typical rupted. To minimize the weakness in.
molding conditions. The spiral chan- tnnsic to weld lines, the number of

Shut-Down Procedure nel employed had dimensions of gates should be held to a minimum.
0.125" x 0.250", and the Fortron was When multiple gates are necessary
mnoded at 610 °F stock temperature, they should be placed so that the

The operator should purge the 275'F mold temperature. with 8000 weld lines in the product are formed
molding machine with polypropylene psi injection pressure. in areas of minimal load Where pos-
at FORTRON molding temperatures. sible adjacent flow fronts should be
immediately after molding FORTRON. forced to meet at an acute angle to
This should be continued until no form a meld line. The bonds at the
FORTRON remains in the plasticat- meld line are inherently stronger than
ing unit. The zone temperatures may those at the weld line formed when
then be lowered. the flow fronts meet from opposite di-

rections. Venting at the weld line will
The operator should shut down the also promote stronger welds.
molding machine with the screw in
the forward position. This will reduce
the time required to heat the residual
purge material when the molding ma-

' chine is restarted.

0



Figure 2 Various Gate Types Used in Injection Molds

Spree: Provides simplicity for single cavity molds and
symmetry on circular shapes. Suitable for thick Side or Edge: Provides simplicity for multicavity
sections. molds. Suitable for medium and thick sections.

Pin (3 plate tool): Used to minimize finishing where
edge gating is undesirable and for automatic degating. Restricted or Piu Provides simple degabng and
Only suitable for thin sections. finishing. Only suitable for thin sections.

Tab: Used to stop "jetting" when other means are not
available and when a restncted gate is desired. Also Dlamphragm Used for single cavity concentnc
enables area of greatest strain to be removed from the moldings of nng shape with medium or small internal
molding. diameter.

Internal Ring: Similar to diaphragm gate. Used for External Ring: Used for multicavity concentnc
molds with large internal diameters or to reduce (sprue/ moldings of nng shape or where diaphragm gate
runner) to molding ratio. cannot be used



Gate sizes
Figure 3 - Submarine Gý:ds

The size of the gate is related to the
nominal wail thickness. Gates should

j• always be at least as wide as they Cut runner as close
are deep. as possible to part / X 60*

The high flow of Fortron materials '
permits the use of very small gate - Parting Line rl
sizes (as low as 0.002 sq. in.). For
example, pinpoint gates are typically
0.040 to 0.070 in. in diameter. This Part
smaller gate area minimizes gate 0020 -0.030 dia.
vestige and also provides satsac- -,/ (0.50 -0.75 mm)
tory part separation from the runner.
For edge gates, a typical starting
point is 50% of the nominal wall
thickness. Land lengths should be
as short as possible to eiimmnate
pressure drop across the gate.

Gate types mended. Inadequate venting will en- Weld lines
trap gas causing incomplete filling.

Any kind of gate may be used for bum marks, and/or poorer weld line Weld lines are created whenever two
molding FORTRON polyphenylene strength. or more flow fronts meet. Weld lines
sulfide. Some examples of suitable exhibit lower mechanical properties
gate types are shown in Figure 2. If a than those of the base resin. This is
submanne gate is selected it should particularly acute when matenals
conform approximately to the geom- Shrinkage contain fibrous reinforcements since
etry recommended in Figure 3. the reinforcing fibers cannot reinforce

e Melt temperature, mold temperature, the weld line. If possible, a single
injection pressure, hold time and part gate is recommended. This mini-
design all influence shrinkage. Due mizes the number of weld lines, and
to the high filler loading, shrinkage of also provides less complicated part

Runner systems Fortron materials are very low and filling characteristics. Glass orienta-
predictable. Some typical shnnkage tbon. shnnkage. warpage. and vent

Full round runners with diameters as values appear in Table 3 as a guide locations are now easier to predict.
small as 1/4 inch (6mm) may be used to the mold designer. Less shrinkage
for molding FORTRON. Equivalent is exhibited in the flow direction than
trapezoidal runners may also be the transverse direction due to glass
used. when only one mold half can orientation effects. Gate location and Mold heating
be used for the runner system. Due number of gates also are an impor-
to Fortron s processing sensitivity, tant factor in minimizing the differen- When molding FORTRON poly-
it is imperative when using a multi- tial shrinkage rate to prevent warp- phenylene sulfide, oil circulating
cavity mold that the runner system is age and bowing. heaters or electric cartridge heaters
balanced to ensure that all cavities
finish filling simultaneously. should be used to allow the moid

temperature to reach the recom-
mended range of 275-325'F
(135-163°C). The oil channels, and

Table 3 - Approximate Mold cartridge heaters should oe placed
Vents Shrinkage about one channel/heater diameter

from the surface of the mold cavity
Vents should be located in all sec- Mold shrinkage and should be placed 3-5 diameters
tions of the mold cavity where anr (in./in.) apart. Enough channelsiheaters
may become trapped by the molten should be used to ensure that the
FORTRON, particularly in the last Flow 0.001-0.003 mold cavity reaches a uniform tem-
areas to fill. The low viscosity of direction perature. Insulation for the mold
FORTRON dictates that shallow could also be used to reduce heat
vents be used. A depth of about Transverse 0.003-0.006 loss and energy requirements.
0.0003 inch (0.007mm) is recom- direction

0



Corrective actions am suggested for the
majonty of the molding prociiems that

Trou e Sn G e fr M Fmay occur with FORTRON resins These
actions are suggested with the most
likely andior easiest remedy first As witr
any oroblem. confirmation that the

Problem Suggested Corrective Action macnne s operating within therecommended parameters for the
Short Shot* I.- Increase feed specific FORTRON grade is strongly

urged. The stock temperatures should
2- Increase injection pressure also be confrrned
3, Use booster and increase ram speed

4. Improve ventinc
5 Raise material temperature by:

a) raising cylinder temperature c) raising back pressure
W) increasing screw speed -

6 Raise mold temoerature

7- Increase overall cycle
8 Increase size of sprue and or runners anwor gates

Flashing I. Lower matenal temoerature by:
a) lowenng cylinder temperature
b) decreasing screw speed
c) Iowenng back preSsure

2. Decrease injection pressure

3. Decrease overall cycle
4. Decrease plunger forward time

5. Check mold closure
6. Improve mold venting
7. Check press platens for paa-Jedism

Bum Marks 1. Decrease plunger speed

2. Decrease booster time

3, Decrease injection time
4- Imorove venting in mold cavity
5. Alter position and/or increase gate size

Sticking In Cavities and/or 1, Decrease injection pressure
Bushing 2. Decrease plunger fowad tame

3. Decrease booster time
4. Adiust feed for constarn cushtion
5. Increase mold closed time

6. Lower mold temperature
7. Decrease cylinder and nozzle temperature

8. Check mold for undercuts and/or insufficient craft

Weld Lines 1. increase infection pressure
Z Increase inlection forward time
3. Raise mold temperature
4. Raise material temperature

5. Vent the cavity in the weld area

6. Provide an overflow well adjacent to the weld area

7. Change gate location to alter flow pattem

Poor Surface Appearance 1. Raise mold temperature

2. Increase injection pressure

3. Use booster and increase ram speed
4 Raise material temperature by:

a) raising cylinder temperature
b) increasing screw speed
c) raising back pressure

13



Problem Suggested Corrective Action

- Nozzle Freeze Off 1. Ratze nozzle temperature

2. Raise mold temperature

3. WoWt nozzle from sprue bush"ng
4. Rase matera temperature by:

a) ra•g c4nder temperature
b) increanw screw speed
C) raising back pressure

5. Decrease sOak time

Nozzle Drool 1. Lower nozzle temperature

2. Lower material temperature by:
a) lowerng cynder tempermare
b) decreasing screw speed
C) lowenng back pressure

3. Decrease residual pressure in cylinder by:
a) reducing plunger forward tiie
b) increasing decompress tinw

4. Decrease overall cycle time
5. Dry the matenal
6. Use nozzle with smaler onfice
7. Use reverse-taper nozzle of nozzle valv

Discolomlton 1. Purge heag cylinder
2. Lower materWa temperature by:

a) lowering cylnder temperature
b) decreasing screw speed
c) lowerng bck pessure

3. ower nozzle temperature
4. Shorten overall cycle
5. Check hopper and feed zone for contarmnanrs
6. Provide additional vents in mold
7. Move mold to small•r shot siZe press

Sinks and/or Voids 1. Increase injection pressure (hold)

2. Increase injection spee
3. Increase size of gates and/or sprue and/or' nomes
4. Relocate gates nearer heavy sections
5. Raise mold temperature (voids)

6. Lower mold temperature (sinks)

7. Decrease cushion

Warpage Distortion 1. Equalize temperature in both halves of mold
2. Observe mold for uniformity of election
3. Increase injection pressure

4. Try highe and lower mold temperatures
5. Increase die closed time

6. Lower material temperature

Poo Dimensional Control 1. Maintain unorm feed and cushion from cycle to cycle

2. Fill mold•as rapidly as possible
3. Balance cavities for uniform flow

4, Increase gate size
5. Check machine hydraulic and elecincal systems for erratic performance

6. Reduce number of cavities
7. Maintain uniform cooling rate
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0 Foreword

This first edition otthe FortrorS PPS Design Manualrepresents a compilation of design information to provide
general guidelines for broad classes of Fortron® PPS material. We hope that this publication enables the
designer to better understand the behavior of this high-performance matenal. Thus, after a brief overview
(Ch. 1), the following chapters deal with the behavior of Fortron® PPS with regard to its physical and thermal
properties (Ch. 2), mechanical properties (Ch. 3), dimensional stability (Ch.4), its behavior in chemical
environments (Ch. 5), and its electrical properties (Ch. 6). The book then discusses fundamental design
criteria both for part design and for tool design (Ch. 7), recommended methods and specifications for
assembly (Ch. 8), and finally, secondary operations wilh Fortron® PPS (Ch. 9).

For a discussion of genera- issues to be considered in designing for plastic parts, the reader is encouraged
to study Designing with Plastic: The Fundamentals (TDM-1), which is also published by the Engineering
Plastics Division of Hoechst Celanese Corporation. Grade-specific information is not given in the Fortrorm
PPS Design Manual, which is a product-specific publication. For grade-specific information, the reader is
referred to Fortron® Material Monographs in the area of specific interest, eg., tensile strength, stress-strain
data, fatigue data, and long-term properties of specific grades of Fortron( PPS.

This layered structure of publications enables the Engineering Plastics Division of Hoechst Celanese
Corporation to provide detailed, product-specific information more quickly and efficiently than incorporating
all such information in one large volume, when often only small parts of such a publication are needed by the
designer. Such a structure also allows for quick updates as specific product data are made available.

We hope that this manual helps you, the design engineer, to more accurately predict the behavior of Fortron®
PPS, and thus, to better design with this high-performance polymer. fe welcome your comments and
suggestions for improving this manual in future editions.

o) Hoechst Celanese

Hoechsts
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S Overview
Chemistry of Fortron® PPS flash, especially in applications requinng the filling of thin
Fortron® products are based on a linear poly(phenylene walls over long distances with relatively high pressures.
sulfide) (PPS) polymer, produced by a polycondensation Selection of the proper grade of Fortron® PPS and the
reaction of p-dichlorobenzene and sodium sulfide. The use of proper injection molding conditions will aid in
reaction yields a PPS polymer with the following struc- minimizing flash. In addition, gate location can be used
ture: H H "1 to decrease the high pressures associated with flash

H I (see 'Gate Location" subsection in Chapter 7).
- X /- ST Product Support

H -H n Expenenced field engineers and design engineers are

available to assist you with product design. matenal
General Characteristics of Fortron-1 PPS specification, and molding trials. For further information
The structure of Fortron® PPS polymer contnbutes to or assistance, please contact your representative from
the following properties: the Hoechst Celanese Engineenng Plastics Division

offices listed on the back cover of this publication.
* High thermal stability
* Excellent chemical resistance Agency Approvals
* Inherent flame resistance in the molecule Fortron's PPS has been granted ratings by Underwnters

without the addition of halogens Laboratones of UL-94V0 to 0.031 in. (0.79 mm) thick-
* Excellent electrical properties ness and UL-94-5VA at 0.125 in. (3.18 mm) on many
* Excellent flow filled grades, as well as ratings of AOO and VO by the

CSA (Canadian Standards Agency). UL yellow cards are
SFornron® PPS is further distinguished from highly available upon request. Some Fortron® PPS grades

branched PPS products by the following performance have also been approved under Military Specifications
advantages: M-24519 and M-46174 (ASTM D4067).

* Higher elongation and impact strength Safety and Health Information
* Higher weld line strength The usual precautions employed in working with high-
* Lower ionic impurities in base resins and filled melting Vastics should be observed in worlkng with

products Fortron' polymers.
* A natural color of light beige for the Fortron®
PPS base resin for easier colonng Consult the current Matenal Safety Data Sheet (MSDS)

pnor to use for detailed safety and health information
Most designers choose Fortrona PPS because it concerning specific Fortron® PPS grades.
demonstrates a valuable combination of properties
relative to the load-beanng capabilities and dimensional Use process controls, work practices. and protective
stability when exposed to chemicals and high-tempera- measures described in the MSDS to control workplace
ture environments. exposure.

Reinforcements and Fillers MSDSs have been developed by Hoechst Celanese
When fillers, such as glass fibers, minerals, or mixtures Corporation, Engineenng Plastics Division, to provide
of these, are added to the base resin, the load-beanng our customers with valuable safety, health, and environ-
capability, represented by the heat distortion tempera- mental information. A copy of the MSDS for each
ture (HDT), is also raised. The HDT of Fortron® specific Fortron® PPS grade is available upon request.
unreinforced PPS is generally 221OF (105"C) at 264 psi, Please contact your local sales office or call the Techni-
while that of a reinforced Fortron® PPS is 500+=F cal Information number given at the end of this publica-
(260+°C). Because of this added value and Fortron® tion.
PPS's affinity for fillers, the majority of PPS applicationsO use glass-reinforced or mineral/glass-filled systems.

Flash
All PPS compounds inherently exhibit some degree of

1-1



0Physical and Thermal Properties
This chapter descnibes some of the basic cha racteristics crystallinity and its aromatic structure. Fortron4 PPS
of Forirona PPS and its thermal capability. The thermal exhibits a high rrelt temperature of 2850C (545117). The
properties discussed here, and shown in Table 1, are polymer crystallizes rapidly above the 'g, as indicated
due to short-term testing. Long-term thermal properties, by an exothermic crystallization peak at 120-1 300C, as
such as time-temperature effects both without load (heat seen in Table 1. From the melt, recrystallization also
aging) and with a load (creep modulus), are discussed in occurs rapidly at 21 5-220*C, also seen in Table 1,
Chapter 3.

Glass 7 ransition Temperature (T9)
The reader is encouraged to review sections of this The glass transition temperature. - gis the temperature
manual that deal with the thermal stability of Fortron~pý at whic!7 the amorphous regions of the polymer oecome
PRS prodlucts. as well as sections that show how mobile- The significance of this value is that above Tjg
dimensional accuracy depends on thermal changes. (about 90*C for Fortron'5 PIPS products), the load-
Finally, a general -eview )I Chapter 4 of Designing with bearing capability is reduced. This is illustrated by the
Plastic: The Funcamamntals (TDM-1) may help the results from a dynamic mechanical thermal analysis
designer deal with the thermal requirements of an (DMTA), a powerful technique used to indicate the
application, stiffness of a molded part as a function of temperature

and load. Results from the DMTA cover a range of loads

Table 1 Thermal and pnyua odromenes of Foftrw3v PPS anid temperatures.

65%
40% MineiralI - nivia

Property Unfts Glass Glass Uifiued -

S Slitt Gravity 1.64 1.99 1.35 4ufLwow

Mef Specafte "mee J/g0C 1.5 1.6 ¶ *..0

Glass Transiton IS9M9 '~

Temperature

crystallization Is 12 25 1s Wlw
Temperature (Paii I

Mart Recryetaiiization A~ 5W.-_
Tepraue(Pe) c 220 215 19D-250' U. j

Men Tem~peraturs *C 282 282 282 -100 -50 0 50 100 '50 200 250 300
Temperature (*C)

Moe D~eflection Fi2gur6e.10 F~I~ Flexural storage modtulus vs. temperature for Fortrorla Pps
Temperature. 0 284 pa g 6. 6- 0

Thermal condiuctivity W/m-'K The flexural storage modulus (E') is one Such Curve
* 25C 0. 03generated by a DMTA for evaluating the load-bearing
@ 25 0.2~' ~capability of a material. Figwe 1 illustrates the change in

* i25*C 0.2 0.35 stiffness of Fortron'O PPS at temperatures both below
* 230C 0.2 0.35and above the Tg.-

* 300C 0.25 0.35 0.3 Thermal Degradation via Thermogravimetric
- Plerset pyesnote raltirange roepresentmevles for a nurnber of Analysis (TGA)

diffren fxlmef. no a angeforone olyer.Thermogravimretric analysis is a technique used to
evaluate a matenial's thermal stability. In this test the
material is heated until it is melted completely and finallyG Crystallinity degraded. During the heating process, the weight of the

Fortron®' PPS is a semicrystalline polymer that consists sample is measured at various exposure temperatures.
of both amorphous arid crystalline regions, The crystal- The curve seen in Figure 2 shows that thermal oxidation
line regions of neat Fortron'* PPS account for 6G-65% of 40% glass-retnforced Fortron®& PPS occurs well after
of the polymer. With the combination of a high degree of the melt temperature.
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Physca/ and Thermal Propems

110 Momended that the molding machine be shut down if it is to

foi be idle for 1S min or more.

SNo To Oxygen Index
-. 901 Be c e Since the normal atmosphere contains about 21%

oxygen, a minimum oxygen index of 28% is required to
.o 80 qualify for a flammability rabtng of Self-Extinguishing

(ASTM 02863). The oxygen index for 40% glass-
reinforced Fortron® PPS is 4,"/o, and that for 65%

I mineral/glass-reinforced Forron® PPS is 53%. indicat-
60ý . ing these matenals' excellent, inherent flame resistance

properties.

0 200 400 600 •0• 00oo 12oo 14o0 Smoke Density
Temperature (P) Specimens of 40% glass-reinforced and 65% mineral/

Figure 2 weight toss vs- temperature for 40% glass-reinforcec glass-reinforced Fortron-) PPS were prepared and
rortron & PPS tested according to procedures established by the

National Bureau of Standaras (NBS). Flaming and
No particular molding hazards have been identified for smoldering tests were performed in an NBS smoke
molding Forlron® polymers. provided that standard density chamber. The results of these tests are pre-
industry practices are followed. Like most thermoplas- sented in Table 2.
tics, Fortron® PPS will decompose to give off decompo-
sition products, including carbon dioxide, carbon monox- The obscuration time is the time for a typical room to
ide, sulfur oxides, hydrogen. and methane, if heated to reach such a critical smoke density that an occupants
very high temperatures (>7000 F). However, Fortron® vision would be impaired by smoke and thus hinder his/
PPS is stable up to 700=F (3700 C), well above the limits her escape. This critical level of smoke density or
of most polymers. As a precaution, sufficient ventilation specific optical density (Ds) for obscunng vision is 16.
should always be provided.

o The test exposes a 3 X 3 in. sample to a circular foil

o avoid thermal decomposition and evolution of fumes, radiometer heat source under flaming or smoldenng
melt temperatures should not exceed 700OF (370°C), conditions. Both the heat source and the sample are
which is well above the normal processing range. enclosed in a 3 X 3 X 2 ft cabinet The smoke density is
Fortron® PPS should not be maintained at processing then measured in terms of light absorption by a photom-
temperatures for long penods of time. It is recom- eter.

Table 2 Smoke density data for Fortronf1 PPS

Flaming Smoldering

65% 65%
40% MineraU 40% Mineral/

Property Glass Glass Glass Glass

Max Value of Specific 95 44 12 10

Optical Density (Dm)

Din, corrected (Dmc) 91 42 11 9

Specific Optical Density 1
@ 1.5 mm

Specific Optical Density 18 4 0
O 4.0 min

Obscuration Time (mmn) 4.1 7.-
(Time to Ds = 16)
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Mechanical Properties
Properties that account for the load-beaning capability of Stress-Strain Properties
a matenal are especla~lly important to the designer tcr Figures 1 and 2 demonstrate the stress-strain b~enavior
determining the proper wall thickness of a geometnc of 400/ glass-*enforced and 65% mineral/glass-rein-
part. forced FortronS PPS products at vanous temperatures.

At room temperature the behavior approachies that of an
The following discussion is presented so that the de- elastic (Hookean) response, cue to its high degree of
signer will be able to account for the various effects that Crystallinity and high filler content. At temperatures
temperature, loads. molding conditions, etc. will have on above Tg, the properties show relatively lower values
the properties related to structural design. (see Chapter 2. Glass Transition Temperature se:tion.

for explanation).
Poisson's Ratio
Poisson's ratio, v, is the ratio of lateral strain to longitudi- Tamperature Dependence of Mechanical
nal strain. The value of Poisson's ratio is 0.38 for unfilled Properties
Fortron-I POS and 0.35 for glass-reinforced and min- Knowledge of the dependence of a oolymer's mecnani-
eral/glass-reinforced Fortron'&' PPS. Cal properties on temperature is essential in designing

30 40

0 -40*(-435i0 7?(3c 0 lasR1fre

I -. -ý

/20 C30?*F(I W'C) 30
J 0 / 392*F 20rC)I

1004

0 .5 1 1.5 2 2.5 3 5

Elongation (56 32 12 Cl 0 392

Figure I Stress-strain behavior of 40% gLass-reinforced FortronO PPS Figure 3 Tenperature dependence of flexural strelngtr

2D 3.

0
7 3'F (23'C) 2.5i 65%ý MinerauGiass-Renimorcea

15, 1 b-4F f740C)
/ - : 302-F(150-C)~

/ U 392*F(2001C)~
CL 2

S10-i

5 I40% Gim-Asonfrcod -

0.5-

It, 0 0511.5 2
Elongation M") 0'

.58 32 122 212 302 392
Figure 2 Stress-strain beh~avior of 65% mineraugiass-reinforced Temperaure 1*F),
Fortron 51 PIPS Figure 4 Tempemrature dependence of flexural modulus
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Mechanical Properties
Properties that account for the load-bearing capability of Stress-Strain Properties
a matenal are especially important to the designer for Figures 1 and 2 demonstrate the stress-strain behavior
determining the proper wall thickness of a geometric of 40% glass-reinforced and 65% mineraVglass-rein-
part. forced Fortron® PPS products at various temperatures.

At room temperature the behavior approaches that of an
The following discussion is presented so that the de- elastic (Hookean) res,.onse. due to its high degree of
signer will be able to account for the various effects that crystallinity and high filler content. At temperatures
temperature, loads, molding conditions, etc. will have on above Tg. the properties show relatively lower values
the properties related to structural design. (see Chapter 2, Glass Transition Temperature section.

for explanation).
Poisson's Ratio
Poisson's ratio, v, is the ratio of lateral strain to longitudi- Temperature Dependence of Mechanical
nal strain. The value of Poisson's ratio is 0.38 for unfilled Properties
Fortron® PPS and 0.35 for glass-reinforced and mi- Knowledge of the dependence of a polymer~s mechana-
eral/glass-reinforced Fortron® PPS. cal properties on temperature is essential in designing

30. 40.

0 73*F(Aml~ 0 is-eio'a
0 -4o*F (231"C) 35

A 167"F (751C)

W0 302F (15o-C) 3-
in83W9F(20(rC) -- • •25j *

-- 1 565% .,wVGw4%~=

0 0.5 1 1.5 2 2.5
-longation (%)5

-58 32 122 212 302 392
Taernonut (IF)

Figure 1 Stress-strain behavior of 40% gta.•-reintorced Fortrnon PPS Figure 3 TeoDeraturs depenoence at fiexural strengt

20 31

I -40*F (-401C)

0 73°F (23"C) 2.5-- 65% M1nerauGtass-Retnorcea
15-. a, 167-F (75t- -S{30 302 "-F (150 "C ) 12 ,

040

5. .

0 0.5 "

,•0 0.5 11.52

Elongation 01)
E58 32 122 212 302 392Figure 2 Stress-strain behavior of 65% mineraigiss-reintorced Te*eraeemu 'F)

FOnrtrn &' Pt'S Figure 4 Temperature depeniderr of flexural modulus
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40-1. 40%Wfme 2ta-elh.vu ,

~\ 40%Giaaa-Ranogced, 2- -

65% Mineral/Glass-Reiniorced

_8 32 122 212 302 392 -58 32 122 212 302 392
Temperature (-F) Temperture Cl:)

10 5 Temperature dependence of tensile strengitm at break Figure 6 Temperature dependence of tensile ofongation at break

-1 that matenial. Figures 3-6 show the temperature Figures 7 and 8 show the creep modulus in three-point
-idence of the flexural strength (Fig. 3). flexural bending of 400% glass-reinforced (Fig. 7) and 65%

lus (Fig. 4). tensile strength (Fig. 5), and tensile mineral/glass-reinforced (Fig. 8) Fortron~l PPS at
-igation (Fig. 6) of 40% glass-reinforced and 65% temperatures ranging from 23 to 1 20"C (72 to 2500 F)
ieral/glass-reinforced FortronS PPS. under an applied stress of 5000 psi for 10,000 h.

LAging Compressive Creep
'9ln PPS shows little significant change in mechani- Cmrsiecepdt f4%gasrifre

i 3perties after prolonged exposure to elevated FortronO PPS are seen in comparison with those of
-ratures. Many Fortron®i PPS grades have been several other thermoplastic and thernmoset matenials, at

,ited Relative Thermal Index (RTI) values of 200- 200OF for 16 h (Fig. 9A) and 30011F for 24 h (Fig. 98)
~'(392-4.6*F) by Underwriters Laboratonies. It is under 10,000 psi applied stress.

1 ;ant that these values are higher than those of
3, ther plastics (thermoplastics and thermosets). Molding Temperature Effects

In order to achieve optimal load-beanng capabilities at
2 p Modulus elevated temperatures, optimal dimensional stability, and

:41 PPS polymers demonstrate outstanding creep a glossy surface appearance, it is necessary to use a
)erties below Tg (ca. 900C). Even at elevated tern- mold temperature of at least 275 0F. Such a temperature
3' -res, the creep modulus of Fortron®& PPS is requires the use of electnic or. preferably, oil heating

3nt when compared to that of other high-perfor- systems to maximize the crystallinity. Table 1 shows the
ice polymers.

300 10.000.000,

1430.000, -0.O

Oe*C (I 5PF') 0W(5-

a rC (731F) A__________

0.1 1 10 t00 1.000 10.000 01 1 10 100 1.000 10.00

rime (hours) Time (hours)

r 7 Creep modulus in three-point bending of 40% glass- Figure 8 Creep modulus in three-point bending of 65% mineral/
,med Fortronv PPS. stress .5000 psi glass-reintorced Fortronlý PPS. stress . 500 psi
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120 120-

A At200- andB 8 M30*Fand~
100-10.00 ps too 10ý000 00

CD0
6 E0-

40 -4 W-

0 20

PrienoitC PPS PET PST Nylon 66 Phenolic PPS Nylon 66 PST PET

Figure 9 Compressive creep data of th~ermoset and thiermoplastic materials at 200*F for 16 h, (A) and at 300*F: for 24 hi (8)

percent property retention of samples molded at various 10 Strength _ Elong. _____Stren~gth Elong. _

temperatures, both above and below ttie uptimal mold10 - - _______ - -

temperature of 2750F. As shown, the only physical
properties to exhibit significant changes are the HOT and 80
the percent crystallinity.

The highl surface crystallinity obtained by higher mold 8
temperatures results in a more complete pant shrinkage. ____

This is especially important in maintaining dimensional 0 8 Q*~

ustaiit~y at elevated. temprwatures. 2.' 40w 42%

Weld Line Strength
Unlike traditional branched PPS products, FortronO PPS
products exhibit excellent weld line integrity, primarily
because of Fortrion® PPS's linear structure. Figure 10
compares the tensile strength of both 40%o glass-. 40% GA 65% MiIVGR
reinforced and 65% mineral/glass-.reinforced Fortrong ftgurv 10 Comailliense of tensile strength retentio vah and wilthout
PPS with weld lines with the values of those products wwlie
without a weld line. Figure 11 compares the weld line
strength of reinforced FortronO PPS products to the

100%.- _

Table 1 Percent proper" retention of samples of 40% glass- 10
reinforced Fortro01 'PPS molded ai varnous temperatures

Percent of Optimal Property Value at
Given Mold Temperature 2

c

Property 140 IF 194 IF 248 IF 300l IF 2 60%-

Crystallinity 10 21 73 100 5 .

Heat Distortm on20 210 SI00
Temperature', IF

Tensile Strength 91 96 97 100 2LTensile Elongation 109 108 106 100

Flexural Modulus 96 97 97 100
0% - '0

Nthdlzod 17 08 04 00Unfilled 40% Glas 65% GtasaiMin
impact Strength 1 18 10 0 No Weld Line with Weld with Weld

-Because one cannot take a perceniage of a iemperature, the values Figure 11 Weld fine tensile strength vs, unfilled FortmnJP PPS with no
given here are absolute- 3- lfld line



Mechanical P0nes

properties exhibited by the base resin without a weld.
The significance of this companson is that it shows the Table 2 Relults o1 (Mop Dart iraci Te, (ASTM 03763. 5 npfli

contribution of the weld line strength to the excellent Crack Total Energy
weldability of the base resin. Initiation to Break

Material Energy (ft.Ib) (f1-tb) ll

Fatigue Resistance
Fortran® PPS resins show a high resistance to fatigue 4o% Gass Foroni PPS 5.68 7.195

from repeated stress, provided that the ulftrate efonr-
tion of ine matenal is not exceeded. The ultimate elonga- %-3 G1s" Fortron® PPS 2.85 4.77

tion of glass- and mineral/glass-reinforced Fortron®
PPS products is ca. 1%. Figures 12 and 13 show the 40% P 2.6 4-3
fatigue resistance (ASTM 0638) of 40% glass-reinforced
Fortron® PPS at 23 0C and 65% mineral/glass-reinforced 6S% MmieraVGlass 2.25 4.22
Fortron® PPS both at 730F (230C) and at 3200 F (160 0C) i Hignly Braniced PPS

Impact Strength
The toughness of Fortron® PPS products can be best Fortron® PPS products show very little loss in properties
described by the energy required to initiate a crack, as when regnnd is used. Table 4 demonstrates the effect of
well as by the total impact energy required to break five moldings using 100% regnnd on several important
through a sample. Results were obtained by using the mechanical properties. This set of data demonstrates the
multiaxial impact test, outlined by ASTM Method D3763, thermal stability of Fortron® PPS. It is recommended.
which requires dropping a dart, in this case at 5 mph, however, that the maximum use of regnnd be limited to
onto a 4-in. disk (1/8 in. thick). Table 2 illustrates the 25%.
results of this test obtained with Fortron® PPS and a
highly branched PPS product. Abrasion Wear

The amount of wear caused by abrasion against a part
Anisotropic Effects can be due to a number of factors, e.g., the velocity of
The mechanical properties in the flow direction of a part the moving parts, the nature of the abrasive substance,9
are greater than those in the transverse direction, due to the temperature, and the load applied.
glass fiber orientation. Table 3 gives the ratio of flow
direction (Of) to transverse direction (Dt) for the flexural Abrasion wear results for Fortron® PPS are tested by
strength, the flexural modulus, and the tensile strength ASTM D1044, using the Taber abrasion apparatus. In
and elongation at break of Fortron® PPS producr-s. this test a specimen is mounted on a turntable so that it

is in contact with a 1-kg CS-17 abrasive wheel. After the
Use of Regrind specified number of revolutions at constant speed, the
The use of regnnd can affect the mechanical properties weight loss of the specimen is determined in milligrams.
of a molded part. However, it is worth noting that

100 100,

90

80

60

170 jSI o,

60 0 4 23-C(73-F) 0 02- ('

50
2 3 4 5 6 7 2 3 4 5 6 7

Log Cycles (numoer) Loq Cycles (number)

Figure 12 Fatigue resmstance of 40% giass-reinforced Fortron® PPS Figure 13 Fatigue resistance of 65% mineral/glass-reintorced
FonronO PPS
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aEcfrianicai Properties

Table 3 Mitsotropic effects on moctianicai proplenies The wet ht loss values for 40% glass-reinforced

DIIDI Fortran® PPS (black) and for 65% mineral/giass-
reinforced Fortrant PPS (black) due to awiasion are

Flexural Flexural Tensile Tensile shwinTbe5

LMatrial Sftrngth Modulus strength Elongiatlon Coefficient of Friction
40% WOS-omoocw s so S 30 The static and sliding coefficients of friction ot 400%

Fortrtnti PIPS glass-reintorced FortronlO PPS against steel, aluminum.
65 goeAC11W9 90 as 1W0 and brass are shown in Table 6. These results represent
____________________________ For P he average of samples fram one molding. ano are

tested according to ASTM Method 1894-63. Test condi-
tions are as follows:

Table 4 Effect of regrind on mecnanical property retention -Specimens: 2-in, discs

-Contact area: 3 in?2
65% -Force: 1 lb weight

mineraiI*ped iii
40% Giaass- Glass- Sed nii

Reinforced Reinfoce :Temperature: 72'F
ASTM Iinitial after Stta after Si1h

Pr'operty metthod Value Molding Molding

Tons"Strengith 0638 100%/ 81% 79%

Eio'gauo D638 100% 82% 63%

FIOXUWa Strength 070 100% 18% 112%

Fiexurai MOdulu 0710 100% 111% 95%

Table 5 weigrit loss due to awiasion of Fortron* PPS (ASTM D1044)

Weight Loss
Material (rig)

40% Glas Reinforted

First 1000 cycles 35

1000-10.000 cycles I1I

65% Mineral/Glass Reinforced

First 1000 cycles 43

1000- 10.000 cycles 13

Table 6 Coefficient of friction of ForrtrOn PPS

CoeffIcient of Friction

Matenial Static Dynamic

steel 0.23 0.23

Alumiunu 0.Z0 0.22

Brass 0.25 0.25
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4 Dimensional Stability

It is important for the part designer to understand the is always easier and less expensNe to cut steel than to
exceptional dimensional control obtainable with Fortron® add it.
PPS. We consider possible tolerances, as well as the
dimensional effects caused by shrnkage, annealing, or The effect of part thickness on shrinkage of 40% glass-
moisture absorption. Dimensional effects caused by reinforced and 65% /mineral/glass-reinforced Fortron®
exposure to vanous chemicals are treated in Chapter 5. PPS is shown in Figure 3. The reason for greater

shrinkage in thicker parts is that thicker parts exhibit
Coefficient of Linear Thermal Expansion slower cooling, which results in a greater degree of
The coefficient of linear thermal expansion is the slope crystallization, thus causing more shnnnkage-
of the curve divided by the specimen length. i.e.. .1 Figure 4 illustrates the effect of filter/reinforcement level
dimension/(L temperature X length). Figures 1 and 2 on shnnkage of Fortron'& PPS. as filler ievel increases,
show the dimensional change for both the flow and shrinkage decreases and becomes less sensitive to part
transverse directions of 65% mineral/glass-reinforced thickness.
and 40% glass-reinforced Fortron® PPS, respectively.
The curves are measured by the Perkin-Elmer o.oow_
Thermomechanical Analyzer (TMA 7) from -13 to 392°F
(-25 to 200°C), ASTM Test Method E831. .,m iiw,

0.0044 o on. /
At the glass transition temperature, Tg, the rate of I Lo OAM Q.fl0c~tw
expansion changes. Above the glass transition tempera- - -
ture, the rate of thermal expansion may shift due to an o
increase in molecular chain motion and its attendant - 7

j• effects, stress relaxation and/or crystallization. Thus, 1 o
00 samples molded from different sources and under W

different conditions will probably yield results significantly i -

influenced by the processing and end-use thermal 0.0 -

history, This is especially true of data taken in the
transverse direction, where the effects of orientation and
processing are most pronounced. 01

M33 -3 27 57 8$ 117 147 177 207 237

Shrinkage from Injection Molding Tomnmpe i"C)

Typically, the mold shrinkage of Fortron® PPS products Figure I Oimensio" ctwnge of 65% mrogiass-rainfotce Fonror PPS

is very low. and therefore, quite suitable for precision
molding. Typical shnnkage values for Fortron® PPS 0.0O0
products are as follows:

40% Glass-Reinforced: 02s, on ira,, /
" Flow Direction: 1-3 mil/in. 0 0015 csan ae R. iocmc.,,

" Transverse Direction: 5-7 milin. 100 =0.000g .

65% Mineral/Glass-Reinforced: - 0
* Flow Direction: 1-2 mil/in.
- Transverse Direction: 3-5 mil/in. W

While the shrinkages given above are typical, these 0.0
values vary, depending on the variables listed on p. 4-2

under Warpage. It is highly recommended that() prototyping be employed prior to cutting a tool to deter-
mine the proper shrinkage for a given part. If prototyping .25 o 25 W 75 100 125 ISO 75 2W0
is not economical, then for safety it is recommended that Te,,,ue i"C)
oversized cores and undersized cavities be cut, since it Figure 2 Da-mmSional change of 40% glass-reinforced Fonronn, PPS
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Oimensionsa Stab e

Figures 5 and 6 show the effect of infecxion pressure on * Onentation of filler
the shnnkage of 40% glass-reinforced and 65% mineral/ - Location of dimensions with respect to the gate
glass-reinforced Fortron® PPS, respectively. As injection * Molded-in stresses
pressure is increased, the parts are more densely - Gate size
packed. thus slightly decreasing shrinkage. The test
piece was 80 X 80 mm, 2 mm thick, with a rectangular (4 To describe the effects of anisotropy in geometrically
X 2 mm) side gate at one point; the cylinder temperature complex parts, a sample part containing a variety of
was 3200 C (6080F), and the mold temperature was shapes was designed. Figure 7 shows the specifications
150-C (302-F). for this warpage sample. Figure 8 shows the measured

points used to obtain the data shown in Figures 9-12.
Warpage which compare the largest dimensional differences of
Anisotropic effects on dimensions (warping) can be 40% glass-reinforced and 65% mineral/glass-reinforced
caused by a number of factors, including the following: Fortron® PPS products with respect to flatness (Fig. 9),

roundness of a cylinder (Fig. 10), roundness of a hole
" Mold temperature (Fig. 11), and bowing angle (Fig. 12).
"• Nonuniform part thickness
"* Nonuniform cooling From these figures it can be seen that 65% mineral/
" Filler type/level glass-reinforced Fortron® PPS has the least warpage.

0.010 1,0-

A - 40% Glass-Reintorced

I . - - 65% Mineral/GLass Reinfored 0.8

Transverse

Transverse0.8-

•= . . . . . . . .0.4.

0.0044

0.002i 0 ,o

Flow I

0.000 _ 6 7 8 9 10 11

0.04 0.06 0.08 0.1 0.12 0.14 Infect". Pimire (kil~u

Thickness (in.) Figure 5 Effect of infecton pressure on shlrikage of Fortrons PPS

Figure 3 Effect of part thickness on shnnlkage of Fortron®V PPS (40% glass)

0.012 1i0

0 1/8 an. thick plaque

0.010- A 1/16 in thick plaque -0,84

0 0.6 -Trnsverse-

CC b2
0.0W 0.C

a on ------- •

o.~oo2_

-I
0.0040 6 7 8 9 10 10030 35 40 45 50 55 60 65 70 75 i 9 0r essur (k)

Reinforcement (%)

=igure 4 Effect of filler level on shrinkage of Fortron
5 

PPS (Please note Figure 6 Effect of inlection pressure on shnnikage of Foron PPS

thlat not all reintorcement levels are available as commercial products.) (65% mineral/,gass)
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100
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1,5 923

Figurm 7 Specifications for warpage Samp. dimero m ind lmewSO t

due to the tact that this material uses less glass than the 40% Glass-Reinforced:
40% glass-reinforced material, and that mineral filler has e 0.0009 in-fin. after 2 h annealing
a smaller aspect ratio than glass fibers. ° 0.001 infin. after 24 h annealing

65% Mineral/Glass-Reinforced:
Annealing a 0.001 in./in. after 2 h annealing
When processed at a mold temperature of 275OF or * 0.0012 infin. after 24 h annealing
greater, parts molded of Fortron® PPS are able to fully
crystallize, and therefore, show very little continued Thus, there is very little advantage in annealing a
shrinkage when exposed to temperatures as high as sample molded at or above 2750 F for more than 2 h to
450°F (232°C) for 24 h. A study of the effects of anneal- obtain further shrinkage.
ing Fortron® PPS products showed the following addi-
tional shrinkage values for the flow direction, using 1/8-
in. thick samples: Flatness

Roundness of a Cylinder 0 0 0 *0

B-B -- 1" I 3
' ,iTo 0 * 0 0

A-A" '-'

01 0 • •

Bowing Angle Roundness of a Hole

0o04-3
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Onmensonai Sratiolty

ea

0.25

0.2-..

C 0.15-

0

.0

0.05. - !

Phenlolics Vinyl Ester SMC laPS PET PPA

Material Type

3(•/i Reproducibility
i a 3tiI X 100 (%) for

Test Date (In.) (in,) X 100 (%) for 3 days 10 Months

8/10/88 1.9593 0.00016 0.024 -
8/11t/88 1.9593 0.00012 0.017 0,022

8/12j88 1.9594 0.00016 0.025

11/17/88 1.9594 0.00016 0.026 Dimension =

11/18/88 1.9593 0.00016 0.025 0.025 1.9593erm.

11/19/88 1.9592 0.00016 0.025 :± 0.0006 ian.

2/27/89 1.9592 0.00024 0.036 (0.030%)

2/28/89 1.9591 0.00028 0.043 0.035

S2/29/89 1.9592 0.00016 0.026

5/29/89 1.9593 0.00020 0.029

5/30/89 1.9593 0.00016 0.022 0.0270( 5/31/89 1.9594 0.00020 0.029

Table 1 Lorig-term dimensional r~eprodlucibilhty Of injection molding Fortron® PPS

0
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S Chemical Resistance

Fortron® PPS exhibits good resistance to the effects of normal for glass-reinforced plastics. The designer should
chemicals on its properties. It is essentially unaffected by compensate for this loss of strength.
a broad class of chemicals at elevated temperatures and
for prolonged penods of time. In general, the few classes Chemical Resistance
of compounds that may cause some loss of mechanical Table 1 lists the property retention ratings of a large
properties include strong acids, oxidizing agents, and number of chemical compounds on test specimens,
some amines. ASTM Type I tensile or flexural bars. molded at a mold

temperature of 2750F, using 40% glass-reinforced
Effects of Hot Water Fortron® PPS. The rating method is adapted from that
Fortron'- PPS resists hydrolysis very well. Unfilled used in Modem Plastics Encyclopedia: however, please
FortronS PPS shows no significant change in properties note that surface effects were not evaluated.' Numerical
after long-term exposure to water at high temperatures, data are available from Hoechst Celanese Engineering
showing the polymer's resistance to hydrolytic attack. Plastics Division marketing representatives or in matenal
Figure 1 shows the tensile strength retention of unfilled, monographs.
40% glass-reinforced, and 65% mineral/glass-reinforced
FortronS PPS products after exposure to hot water at It is important for the designer to note that the standard
203OF (95*C) under 15 psi. chemical resistance test methods (i.e., those used to

130 prepare Table 1) are only intended to serve as a general
i Iguideline. Because the samples are not tested in the

1M,• chemical environment under load, the results can oe
1101 - . misleading for design purposes concerning the perfor-
0o mance properties of a plastic part in a particular chemi-

0 cal environment under load. Therefore, the designer is
2• ,strongly recommended to pursue creep rupture testing in

T • 80 65%MtnC.,S - the actual end-use environment on test bars or. prefer-

70 ably, prototype parts to determine the suitability of aQ 40% Uiaa
j- = ue particular plastic in such an environment.D I

10 1 1 Key to chemical resistance table, as suggested in ModemAging me in Hot Water (hours) Plasts EncyClopedia. McGraw-Hill Pub. Co., 1986-1987. p.442:

Figure 1 Tensile strengti retention at break in hot water under pressure A a No significant effect <0.5%, <0.20/, and <1 0%
change in weight. dimension, and strength.

130 respectively; slight discoloration.
B = Significant, but usually not conclusive: 0.5--1.0%,

120-1 - 0,2-0.5%, and 10-20% change in weight. dimen-
sion, and strength. respectively; discolored

too- - - C = Usually significant: >1.0%. >0.5%, and >20%
- - .. . [change in weight, dimension. and strength,

,T, ,,jj 0respectiyely; distorted, warped, softened, orS8O []LE 65% Ga/ crazed.

1 W11 0 40%Glass

60 Z•UnflledK

• 50
10 100 1000 10000

Aging Time in Hot Water (hours)

Figure 2 Tensile elongaton im hot water under pressure

O1 There is some loss of strength attributed to a reduced
adhesion at the glass reinforcement/polymer interface.
This phenomenon, known as the 'wicking effect," is

5-1



Tablo I Chemical restance of 40% g•ms-•nfo:rid Fonron®I PPS

TeMP. Time Tons. Tens. WigtLgh Thick-
Reagent (Conc.) (°C) (days) Elong. Str. Weight Length_ ness

Acids:

Hydrochlfc AMid (10%) 23 40 A A A

Hydrochloc Ac•d (10%) s 42 - C C A

Nit•c Acid (10%) 23 40 A A A - -

"Suttunc'Acid(10) 23 40 A A A - i -

SultuncAcd(30%,.) 8o 90 A A

Alcohoja: ,,,__,

1-8utanoli 80 180 A A - ' -""____'__......
Ethanol (5%) 80 180 A A C A C

Methanol 60 180 8 A A ' A 8

Mehnl(0') 55 j8 A A A A A

Methanol(15%)" 55 180 J A fA A A A

Ethylene Glycol (Antifreeze) 120 150 8 A A A A A

Baim:

Sodium Hydroxide (10%)l 231 40:J:A A A A j B

Sodium Hydroxide (300%)l 80 10 1 O A A

B eFluidj 80 42 - A] A A A

Diesel Fuel s0 180 A A A A A

95% Fue• A5%"Etfaol so 180 A A C A C

85% Fuel B/15% Methanol 65 180 A A A A, A

40% Fuel C/,0, Methanol 55 180 A A A A A

Gasoline (Reglar) w 125 A A - - -

Gear Oil (75W-90)! 150 142 A A A A -

Ke.nnosen 60 40 A A A - "

Lu, , ,cating i so - 40 A A A _

Mineral Oil (Sat)I 120 30 A A A -

Motor Oil l 80 42 - A A Aj A

Refngeration Oil1 100 60 - - A r -

"Troluene1 80 30 - 8 - - -

ransmission Fluid 1 150 42 A A J A

Xy•le 80 1 180 B I A 8 A C

Inorganics:

Calcium Chloride (Sat.) 80 42 - A A A A

Potassium Chromate (30%) 80 42 A A - -- -

Zinc Chloride (Sat) 80 42 - A A A

Sodium Hypochlonte (5%) 8o 30 8 B A A

Deionized Waterl 23 180 A ADeo__ze Water_ 100 180 C C A A A
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Table 1 ChemAi of Forron PSchemc 
Rsn

Temp. rime Tens. Tons. Thick-

Reagent (Conc.') (°C) (days) Elong. Str. Weight [,Length ness

Ketones:

Acetone 55 180 A A A A
2.8utanone. 5 1 80 B A A A A

Buto l Acetate 80 180 A _ AA B

Diethyl Ether! 23 40 A A A j~

Oidhtorodifiuoroinethiane 1  100 60 - A A B -Freon• 93 B A -- -- --

Freong 1131 23 40 A j A A

Tetrafluoroethane 100 60 A A A A -

1, 1, 1-Tnchloroethane l 75 180 A A A A B

Freon® is a registered trademark of E. 1. Dupont de Nemours & Co.. Inc.

*Concentrations are assumed to be 100% unless stated otMerwise.

*0
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I ~Electrical Properties
Fortron® PPS has been demonstrated to be a key high- humidity. Figure 2 shows the minimal effect of hign
performance polymer in the electncal/electronic industry. temperatures alone on the volume resistivity (ASTM 0-
Because of its outstanding electrical properties, as seen 257) of Fortron® PPS.
in Table 1, the 40% glass-reinforced grades are used
most frequently. In certain applications. gla3s/mineral- Table 2 Dolectnc cowtstant of 40% giLss-rem*ikwce< Fortnonr! PPS
reinforced grades exhibiting high arc resistance and low (ASTM 0150)
warpage have received increased interest from this Dielectric
industry. Material monographs provide more specific Conditions Constant
date for individual grades of materials.

@ 1 MHz. 500C. 48 n 390
Table I Electncai oroOertves of 40'% glass-reinforced Foriron-' PPS

@ 100 MHz, 501C, 48 h 400

Property & Test Property Immersion in water, 24 h
Conditions Method Units Value

0 1 MHz, 231C 3.80
Dielectric Strength ASTM
(Short Term) @ SO% 0149 0 100 MHz, 23°C 3.80
RH, 73°F Frequency: 1 MHz

0.125 in. V/mul 450 30*C 3.90

0.0625 in. Vimil 680 100*C 395

0.03125 in. V/min 960 1300C 3.97

Hot Wire Ignition (HWI) UL 746 15(TC 3.95¶ 1/8 in. (3.18 mnm) sec 68 180oC 4.90

@ 1/32 in. (0.81 mm) sec 16

High Voltage Arc UL 746 inJ 4.6 Table 3 Oipaboron factor of 40% giam-remuloirc Fortrona't PPS
Tracking mm (ASTM 0150)

Comparative Tracking ASTM V 125 Dissipation
Index D3638 Conditions* Factor

0 73*F. 1 kHz 0.001
A sampling of electncal/electronics applications that 0 73*F, 100 H. D 0.001
frequently benefit from the combination of properties
offered by Fortron® PPS are connectors, molded @ 731F, 100 Hz, Wet 0.001
interconnects, bobbins, etc. The E/E Industry Group of @ 731F, MHz. Dry 0003
Hoechst Celanese. Engineering Plastics Division, in
conjunction with the Fortron® Product Group, is continu- 0 73'F. 1 MHz. Wet 0-003
ously developing specialty grades to meet the changing All at 1 MHz:
needs of the electricallelectronics industry.

0 30°C 0.0015
Effect of Frequency, Humidity, and 0 0.0015
Temperature
As shown in Tables 2 and 3, the dielectric constant and a 120"C 0.0018
dissipation factor (ASTM D-1 50) of 40% glass-reinforced * 150°C 0.0022
Fortronm PPS are only minimally affected by changes in
temperature, frequency, or humidity. @ 180oC 0.003

Figure I illustrates the stability of the volume resistivity 'Dry: One" in desicant at 231C for 16 h

of 40% glass-reinforced Fortron® PPS when aged at an Wet: Immersed in water at 23°C for 24 h

elevated temperature (158°F, 700C) and a 99% relative
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Elecftcal PrQeftis

1I 2 Ionic Impurities
Fortron® PPS contains few ionic impurntes. e.g., Na*, K-,

1o1, L-, F-. Cl-, Or-, and SO,2-. If such ions are abundant
they can adversely affect the performance of some

S sockets and connector housings. Electnical engineers
3 1know that excessive levels ol ionic impurity can lead to

the corrosion of contacts or shortsiopens in applications
Ma 101' that are in contact with a current.'

E• Furthermore, the increasing requirements due to minta--2 1012-

> turization have led to shorter center-to-center distances> Ifor many electncal housings. Thus, the distances
1010 0 100 200 300 400 Soo 600 through which ionic impurities must migrate to cause

Time (hours) failure is decreased. Compounding this effect are such
conditions as higher temperatures and humidity levels,

Figu99% relataile lumerei W awhich accelerate the mobility (leaching) of the ionic
and 99% relative humidity mute otesrae

20 impurities to the surface.

2091
'Corbett. Tim. 'ionic Contamination in Socket Housing

18 _- Materials,* Connection Technology. Oct. 1987, p. 19

E
0

16--

Z 14

S12:

10,
20 40 60 8o 100 120 140 160 180

Temperature (°C)
Figure 2 Effect of different tenipeatures on volume resi"iy

Soldering Heat Resistance
Fortron® PPS shows excellent resistance to solder
temperatures and dipping times, as shown in Table 4.
The test piece (5 X 15 X 0.3 mm) was placed in an
aluminum frame and dipped for the times and at the
temperatures indicated.

Table 4 Soldenng neat resistance of Foftron
0' PPS

Dipping Time (sec)

Solder Temp.
(CC) 5 10 30 60

250 A A A A

260 A A 6 B

270 A A B B

280 C D D D

Key: A = No change; B = Discolored; C = Surface

affected: D = Partially melted or deformed.

&2)



1 (0 Fundamental Design Criteria

Part Design F7Ilets/Radii
For a broader discussion of the fundamental pnnciples Because all PPS matenals exhibit a sensitvty to
involved in plastic part design, it is recommended that notches, it is recommended that radii be incorporated for
the reader refer to Chapter 8, 'Design Considerations for all sharp internal comers, particularly those beanng
Injection-Molded Parts,* of Designing wit Plastic: The loads. A minimum radius of 25% of the nominal wall
Fundamentals, published by Hoechst Celanese, Engi- thickness is suggested: however, a larger radius allows
neenng Plastics Division. for a stronger part. Figure 2 shows the significant effect

that a notch can have on the energy required to break a
Wall Thickness sample of either 40% glass-reinforcea or 65% mineral/
The wall thickness of parts made of Fortron® PPS glass-reinforced Fortron® PPS.
should be uniform throughout. To achieve uniform 12
cooling, and thus uniform crystallization and stress
relaxation, a variation of 25% of the nominal wall thick-
ness should not be exceeded. This vanation should'
proceed in as gradual a manner as possible, as illus-
trated in Figure 1, and the part should be gated so that .8
the material flows from the thicker section to the thinner 0 d
section.6 ,ooo r
A typical range of wall thicknesses with Fortron® PPS E 4
depends greatly on the flow length, injection pressure, W
cylinder temperature, etc. Wall thicknesses between NO 0.020 and 0.200 in. are common.

40% Glass 65% MinGlass
Material Type

Figure 2 Effea of notcries on izod impact srng•h

Ribs

The use of ribs in a plastic part design allows the de-
signer to accomplish the following objectives:

* Reduce the wall thickness
# Reduce cooling time
* Improve the flow paths
* Increase the part's strength and stiffness
o Reduce part weight
# Reduce cost

Rib height up to 3 times the wall thickness and the nb
thickness half the wall thickness are recommended.

Bosses
Bosses frequently serve as fastening points for other
parts, and thus, are subject to many different kinds of
stresses, e.g., hoop stresses, molded-in stresses. etc.
Figure 8.10 in Designing with Plastic: The Fundamentals
may be reviewed for general pnnciples regarding the

Best design of bosses. Figure 3 shows the recommendations
for design of a thread-cutting, self-tapping screw boss

Figure 1 Design of nominal wall from ti.ic to thin sectons when Fortron® PPS products are used.
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In applications requiring particularly high strength, metal Gate Size 0
nngs for bosses can lower hoop stresses and allow for The size of the gate is related to the nominal wall
thinner walls. If thread fittings are necessary and a thickness. Gates should always be at least as wide as
choice is available, mold the pipe threads onto the male they are deep. 0
part rather than on the female part.

The high flow of FortronS PPS mater.als -r'em'its the use
IN •of very small gates (as low as 0.04 in. diameter). ForT example. submarine or pinpoint gates typically have a

0.040-0.070 in. diameter. This smaller gate area
minimizes gate vestige and provides satisfactory part

rz 0.3W ,separation from the runner. For edge gates, a typical
H 3W starting point is 50% of the nominal wall thickness. A

L typical land length is 0.020 in.

2 Gate Types
Any kind of gate may be used for molding Fortron-1 PPS.
For a review of the vanous types of gates. see Figure 2
in Designing with Plastic: The Fundamentals. It should

0= 2W be noted that if a submanne gate is selected, it Should
Figure 3 Oesign of a seif-mapping screw bo conform approximately to the geometry recommended in
Tool Design Figure 4.

Cut runner as ctose /
Tool, Screw, and Barrel Construction Materials as possible to part 60-
As is true of all filled plastic products, proper materials
must be used in the construction of molds, screws, and Parting Lne - -
barrel liners because glass and mineral filler materials
are abrasive compounds. This is also true of PPS Part
products. @

prdcs /;/7 0.040-0.060 in. diamtreter
For high-volume production parts, the recommended (1.00-1.50 rme)
steels for cores and cavities are D-2, D-7, and A-2
steels, which have good wear resistance properties. For
lower volume production parts, tool steels such as S-7,
P-20, and H-13 are acceptable. An SPI A2 class finish is 20"/
recommended. For tools that are especially difficult to /
vent adequately, corrosion-resistar steels D-2, D-7, and Figure 4 Soefitions for sub•mmr, gates
stainless steel are suitable. Runner Systems

The abrasive nature of glass and minerals also affects Full-round runners with a diameter as small as 0.125 in.
the screws and barrels. The proper materials for con- (6 mm) are used for molding Fortron® PPS Equivalent

struction are important to ensure long life. Stellite is trapezoidal runners may also be used. When a
recommended for screws, and Xaloy 800 is recom- multicavity mold is being used, it is imperative that the
mended for barrel liners for long barrel life. runner system be balanced to ensure that all cavities

finish filling simultaneously, thus preventing any one

Gate Location cavity from being overpacked.

Gates should be located to provide a flow that is uniform
and uninterrupted. Generally, the number of gates Vents
should be kept to a minimum. It is common practice to Vents should be located in all sections of the mold cavity
use multiple gates when dealing with a long flow length where air may become trapped by the molten Fortron®
and/or thin-wall parts to reduce the pressure, and PPS. particularly in the last areas to fill. The tendency of
therefore, minimize flash. When multiple gates are PPS to flash dictates that shallow vents, ca. 0.0003-
necessary, they should be placed so that the weld lines 0.0005 in. (0.007-0.012 mm), be used. Inadequate
in the product are formed in areas with minimal load- venting entraps gas, causing incomplete filling of the
bearing requirements. Where possible, adjacent flow part, bum marks, and/or poor weld line strength. The
fronts should be forced to meet at an acute angle so that vent land length should be about 1/8 in. and then
a meld line is formed. Venting at the weld line also widened to the edge of the tool.

promotes stronger weld•s.
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Assembly Methods
DOM~ of ....

In this chapter, as with all others, the reader is encowu- Wo
aged to refer to Designing with Plastic: The Fundamen-
tals for the fundamental pnnciples and equations of the
items discussed here, which focus on the specifics of Z_
assembly with Fortron® PPS products. 3W-

o6me. n

Snap-Fits (0.0 m)7- -
Snap-fits are commonly evaluated by calculating dy- o m) n.e-lerence
namic strain rather than stress. The maximum dynamic
strain. Emax, at ambient temperature for 40% glass- . /

reinforced FortronS PPS is 0.014. and that for 65%
mineral/glass-reinforced Fortron! PPS is 0.010. R=ituru - " . ' . ''. ..

In designing the finger of a snap-fit, it is extremely Before

important to avoid any sharp internal comers or struc-
tural discontinuities, which can cause stress risers.
Because a tapered finger (a 2:1 taper is u.,'ially consid-
ered typical) provides a more uniform stres.s distribution,
it is the preferred design where possible.

Chemical Bonding/Adhesives
When adhesives are being used with Fortron® PPS

0 products, the surface should be pretreated by wiping the Alter

* surface with a solvent cleaner (mety ethyl ketone). Figure 1 Recommended oimensions tor shear Pam

Successful bonds have been obtained with epoxies, Tabl 1 inerference gudelines for shear joits we Fortron PPS
urethanes, and acrylic-type adhesives. For further
details, please contact your local Hoechst Celanese Maximum Part Interference per Part Dimension
Engineenng Plastics Division representative. Dimension Side Tolerance

<0.75 in. 0.008-0.012 in. t0.001 in.Ultrasonic Welding (18 mam) (0.2-0.3 mam) (±-0.025 ram)

Parts made of Fortron® PPS can be ultrasonically
welded. However, the joint design is critcal for the 0.75-1.5 in. 0.012-0.016 in. ±-0.002 in.

strength of the finished part. A shear joint is the best (18-35 mm) (0.3-0.4 mm) (±0.050 mm)
design overall with Fortron® PPS parts. Table 1 gives
the interference guidelines for shear joints with Fortron® >1.5 in. 0.018-0.020 in. ±0.003 in.
PPS. while Figure 1 shows recommended dimensions (>35 mm) (0.4-0.5 mm) (±0.075 mm)

for a shear joint. Tables 2 and 3 show a comparison of
the ultrasonic strength of Fortroný PPS vs. highly Table 2 Comparison of the ultrasonic strength of neat Fonroni PPS

branched PPS materials, including neat. 40% glass- vs. highly branched PPS matenals
reinforced, and 65% mineral/glass-filled systems. The Type of Observed Welding Weld Strength
parts tested were two caps with a wall thickness of 3 mm Polymew Results (ib)

(1.2 in.) and a radius of 47 mm (18.5 in.). A lead-in
angle of 30-450 further reduces the area of contact,
pinpointing energy and maximizing shear to allow for a Medium Fow Free of cracks 990
strong structural and hermetic seal. Due to low strength, Hih Flow Cracked 1/5 times 730
energy directors are not recommended. Crosalind PPS

f• When shear joints are to be welded, use high power with Medium Flow Cracked 3,5 times -

a high-amplitude booster, low pressure, and a slow horn High Flow Cracked 5/5 times (all)
speed. Caution should be used dunng welding of parts,
since an excessively high amplitude and/or an exces- *Observed welding results refer to the number of cracked parts

sively long application time could destroy the part. Care out of all samples (5).
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Table 2 Comparson of Me ultrasonic strength of filled FortVr, Typical conditions for ultrasonic welding of Fortron'1 PPS
PPS vs. highly branched PPS materials are as follows:

Observed Welding Avg. Weld
Type of Material Results* Strength (Ib) * High energy

* Low pressure
40% Glass-Reintored Systems Amplitude

Fortron® PPS Free torn cracks 2690 - At 20 kHz. 0.0032-0.0050 in. (80-125

Fortron® PPS Free orn Cracks 2310 pm): for large parts >2 in. diameter.
both near and far field

Highly Branched PPS Cracked 1/5 1650 (n a 4) - At 40 kHz, 0.0019-0.0030 in. (50-76
r 5/5 -- l.un): tor small parts, near field only

Highly Branched PPS Cracked 55(al) -Vibration time: typically <1 s

Mineral/Glass-Reintorced Systems * Minimum wall thickness: 0.050 in.

Fortrorn PPS Free trom cracks 1980 - Shear joint designs preferred

Fonron@ PPS Free from cracks 1850 Heat Staking

Highly Branched PPS Cracked 4/5 - Heat staking is a useful assembly technique for forming
permanent joints between parts. Heat staking is accom-
plished by compressively loading the end of a nvet while

"Results reter to the numoer of cracKed parts out of all samples the body is fixtured. The tip that performs the melting
(5). All welding was pertorr;ed at an amplitude of 0.004 in. under and compressing should have a Rockwell hardness of at
a pressure of 70 p•si for 0.5 sec. least 60C due to the abrasive nature of the glass. and

mineral-filled grades of Fortron® PPS. Fortron® PPS

should also be exercised wherl highly filled mineral/ parts require a horn or tip temperature of about 6150F.
glass-reinforced grades are being welded because of the The temperature should be sufficiently high to prevent
lower toughness of these grades- cracking of the part, while the pressure should be

sufficiently low to avoid cracking the part.

The following practices in joint design should be avoided

if at all possible for the reasons given: Ultrasonic Staking
Ultrasonic staking is a method of melting and reforming 0 @

t Joints that are either too tight or too close a plastic stud or boss to mechanically encapsulate
together may prevent adequate ventilation, another component. The joining component. which

"* Thin sections transmitting the ultrasonic energy contains a hole, receives the Fortron® PPS stud, which
may crack under high amplitude, is then progressively melted by the high-frequency

"• Large steps requiring high power may vibrations of an ultrasonic horn, under which the stud is

destroy the part. placed. The vibrations also cause a light, continuous
- Energy director designs will prevent a homoge- pressure on the plastic stud, which is then reformed in

neous weld. the shape of the horn tip.

Standard LOW Profile 35

-- , o•- J,----o-- Z _
1mom HM30+

40% Glasts-Reinforced For¶one ppS
C25-

H-- ,t ,eo F I- 20

K"i1i aranctied PPS 40% Giasu-AwIe I

10 1.. .-! 20 -.1 150 1- = -""

02500j J4 5 6 7 8 9 10 1140Distance to Fti (mm)

Figure 2 Dimensions for head forms for ultrasonic staking Figure 3 Breaking torque of a self-taping screw
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The requirements of most geometries are satisfied by

@ either the standard or low-profile head-forms. The
standard head form produces a head twice the diameter
of the original stud, while the low-profile head form

'-.. produces a head diameter 1.5 times the stud diameter.
Figure 2 illustrates these two head forms, as well as the
dimensions for each.

Threading
Molding threads into the part is the preferred approach
due to the excellent strength, toughness, and surface
hardness of Fortron® PPS. It is important to ensure that
adequate radii are incorporated to all thread roots. It this
practice is not possible, use threaded inserts. The next
alternative is to use self -tapping,"thread-cutting screws.

The thread charactenstics of Fortron® PPS can be seen
by the torque required to break a part by tightening a
self-tapping screw. The behavior of 40% glass-rein-
forced Fortron- PPS and that of a 40% glass-reinforced,
highly branched PPS product are compared in Figure 3.
It is significant that the highly branched PPS product was
cracked as soon as it was tightened, and that little or no
increase in breaking torque was seen even though the
fitting was lengthened extensively.

Since Fortron® PPS is a high-modulus material, it is
recommended that only thread-cutting (type BF or BT),

o Menot thread-forming, screws be used.

Metal Inserts
Metal inserts have been successfully used. When
molded parts with metal inserts are subjected to re-
peated heat cycling, property fatigue is expected. Table
4 shows how well both 40% glass-reinforced and 65%
mineral/glass-reinforced Fortron® PPS products com-
pare in breakage with a highly branched 40% glass-
reinforced PPS resin.

Table 4 Fractured pieces per 10 test pieces subleced to heat cycling

Fortron® PPS Highly
Branched

40% 65% Mineral 40% Glass

WIR Glass /Glass PPS

0.4 0 0 0

0.3 0 0 1

0.2 0 0 2

0.1 0 2 2

Conditions: (1 h at -40°C (0°F) + 1 h at 150°C (302°F) X
60 cycles.

W Wall thickness of test piece.

R = Radius of metal insert.
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~ Secondary Operations

Machining Fortron@ PPS resin is well suited for color coding
Because of its exceptional mechanical properties. purposes.
Fortron® PPS can be machined with conventional metal-
working tools. The use of tungsten carbide tipped tools is As already stated, Fortron® PPS does undergo a color
recommended when reinforced Fortron® PPS products change at elevated temperatures. However, this color
are being machined, shift is not a sign of degradation and does not signifi-

cantly affect the bulk properties, such as tensile strength,
A high degree of precision can be obtained in cutting flexural modulus, and other mechanical and electncal
operations when moderate cutting Speeds, i.e., 25-40 m/ properties.
min, 0.4-0.7 m/s, 80-130 tt/min), are used with fast feed
rates. Slow feed results in excessive tool wear and
tends to give the part a poor surface appearance. The
preferred coolant is ethylene glycol (antifreeze). The
tool angle should be about 100.

Cuts (up to 1/8 in., 3.17 mm) can be made; finish cuts
should remove no more than 0.005 in. (0.13 mm) of the
material.

Surface Decoration
Many applications that require Fortron® PPS's high-
temperature stability, chemical resistance, and desirable

O mechanical properties are not highly visible parts, and
therefore, do not require surface decoration. However, in
applications that require surface decoration, several
methods, such as painting, printing, and laser beam
marking, are possible with Fortron® PPS products.

Because many one-coat painting systems do not give
sufficient peel strength, pretreatment with a primer is
recommended. Melamine- or alkyd-type paints are
recommended for the best results. A urethane-based
paint has been identified as a useful pnmerless paint
system.

Printing is also possible, but a pretreatment is again
recommended. Two-component urethane-based printing
inks generally have been found to give good results.

Laser beam marking has also been accomplished
successfully with Fortron® PPS products.

Colorability
Because the base polymer for Fortron® PPS is a light
beige, products can be compounded in a variety of
colors. However, it is suggested that colored Fortron®
PPS be used only for purposes of color coding, since
Fortron® PPS colors tend to turn to a darker shade when
Sexposed to heat or UV light for prolonged periods of
time, or for short periods at very high temperatures. This
phenomenon makes Fortron® PPS an unlikely candidate
for applications-requiring color matching; however,
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Introduction and Overview

Vectra- resins are members of a relatively new family of Morphology
high-performance plastic materials that have been given
the generic name 'liquid crystal polymer" or "LCP'. The rigid-rod nature of Vectra LCP molecules results in a

Vectrao products. members of the LCP family, are profile of molecular orientation that resembles the physi-
thermotropic (melt orienting) and fully thermoplastic. They cal orientation of the fibers in a reinforced thermoplastic.
can be processed with all of the techniques common to The 'fountain flow" effect occurring during intection mold
thermoplastics except for rotational molding. Vectra filling causes the molecules on the surface of the flow
polymers have extremely rigid. rodlike molecules and are front to be stretched in an elongational flow- Ultimately,
highly ordered, both in the melt state and solid state. these molecules are located on the part surface. wncn
Though highly ordered, the molecules flow readily in the results in a skin that is oriented in the flow direction The
melt state, providing good molding characteristics, and skin may be 15 - 30% of the parts total thickness. Gener-
can be compounded with reinforcements and fillers, ally. as the part becomes thinner, the skin percentage
forming unique comoounds. Molded parts exhibit very increases.
low waroage and shrinkage, along with a high dimen- During mold filling, the core of the part is subject to
sional stability, even when heated up to shear forces, causing a "tumbling" effect: the core
200 - 2500C (390 - 4800F)- molecules eventually are oriented more or less perpen-

dicular to the flow direction. This behavior mirrors the
orientation of glass fibers in the core of a part reinforced

Chemistry with short fibers.

Vectra A and C Series resins are based on poly (benzo-
ate-naphthoate), a wholly aromatic copolyester: Self.Reinforcement

0 . 0. "O The flow behavior discussed in the preceding section
O O causes a self-reinforcing effect. i.e., the skin or outer

portion of a molded part is highly oriented, giving excep-X Y tional flexural strength and modulus, as well as good

tensile performance. For example, parts molded from neat
Vectra 8 Series is based on poly (naphthoate-aminophe- (unfilled) Vectra A950 typically have the strength and
noterephthalate), a wholly aromatic copolyester-amide: stiffness associated with 30% glass-reinforced engineer-

ing resins (e.g., PBTPET). When reinforced with 30%
0- 0 O glass fibers, Vectra A130 has strength 5 - 10 kpsi higher

if II •and stiffness about 1 Mpsi higher than that of typical
ý c CO-glass-reinforced engineering resins.

C HX. Y,

These resins are made in a melt condensation polymeri-
zation reaction Anisotropy

LCPs can be viewed in much the same context as other
resin families, such as the nylons. That is, while belonging Inlection-molded filled and reinforced Vectra resins have
to a common family, individual LCPs may have widely a degree of anisotfopy ( physical properties
disparate processing characteristics, performance, and in the flow direction differ from those in transverse to flow)
applications. As a group, however, Vectra LCPs have in slightly greater than that of conventional 30% glass-
common an excellent processability, which means short reinforced resins. Thus, anisotropy is not a major impedi-
cycle times, high flowability in thin sections, and excep- ment when designing for mechanical properties. Vectra
tional repeatability of dimensions. LCPs differ in degree of anisotropy rather than in kind.

Plastics part designers have learned to deal with
anisotropy by working with glass fiber reinforced
engineering resins.

0
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Creep Electrical Properties

Vectra resins are quite resistant to creep at ambient Vectra resins are excellent eictrical insulators with

temperatures. A glass transition results in a diminishing exceptional dielectric strength even at elevated tempera-

level of creep resistance in the 100 - 1800C tures. Vectra materials are relatively transparent to
(2120 - 356 0F) temperature range. household and radar microwaves, and are quite suitable

for a wide variety of electronic connectors and devices.

Fibrillation Environmental Resistance

Because of LCPs exceptionally high level of self - rein-
forcement through orientation, the surface molecules on a Cail:Vcr Osaehgl eitn omsforemarent through orientation. parhe surfe molorectuleson asolvents at moderate to elevated temperatures (about 150
molded part tend to align parallel to the flow direction. - 2000C). They are stable when exposed to steam and iot
Fibrillation which is manifested by the peeling or pulling water for extended periods of time. and to strong acids
offoand mid bases at temperatures ranging from 50 -100iC
abrasion This effect is eliminated in filled or reinforced and m as at ng 0
Vectra resins. Fibrillation is a problem with neat (unfilled) (120- 210°F).
_CPs such as A950. B950, and C950 whicrh are not Weathering: Vectra resins have generally good resis-
recommended for injection molding applications. tance to weathering but do show some chalking on

extended exposure to sunlight (>365 days)

Thermal Resistance Radiation Vectra materials, show excellent resistance

when exposed to gamma radiation, thes .. are virtually no

"he dimensional stability of parts molded from Vectra changes .n properties.

resins is sufficient to make them suitable for vapor phase
qoldering (VPS) at 2150C (419 0F), and for infrared (IR)
oldering used in surface mount technology (SMT). There _ _ __ ___ls

,i very little shrinkage or warpage during exposure to SMT App ls
soldering, making Vectra LCPs a preferred choice for SMT
-arts. The low coefficient of thermal expansion minimizes Extensive UL short and Ic ng-term property listings for

ny tendency to warp or bow. In addition, Vectra resins Vectra LCPs are available on UL "Yellow Cards." Avaii-

are extremely resistant to thermal degradation, both as able data include Vectra A 115, A130. A150, A230, A410.
-olids and in the melt phase. because of their highly A420, A422, A430, A515, A530, A540, A550, A950, B130,
romatic structure. The rigid-rod molecular structure gives 8950, C 115. C 130, C 150, and C950. In addition. Mil Spec

nign melting and use temperatures. Fiber reinforced resins 24519 has been granted for Vectra A130, (GLCP-30F),

have HDTs (264 psi) of 220 - 240°C (428 - 4651'F), and .vectra A150,(GLCP-50F), and Vectra C130,(GLCP-30F)

50 -270°C (480 - 5180F) at lower stress (66 psi) Under-
riters Laboratories has granted continuous service

temoeratures (RTI) over 200°C (392F).

clammability

reinforced grades. Vectra compounds are rated UL94
V-0 in thicknesses as low as 1/-v in. (0.031 in or 0,8 mm).

ie Limiting Oxygen Index of Vectra resin is in the 35 -
1% range, depending on the base resin and level of filler

or reinforcing fiber. Being wholly aromatic, Vectra resins
'--m a char on exposure to open flame This layer of char

ts to slow the formation of combustible gases.
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Processing The use of runpers and reground parts requires care
and some special techniques wnicn are descrioed later. Vectra resins are well suited for injection molding appijca- However, once a well-grounc product is ootained

tions. They exhibit low shrinkage and are noted for their regnnd levels of 25% are recommended With care and

low coefficient of thermal expansion (CTE). They can be proper testing,; regrind levels to 50 - 75% may be ,.os-
injection molded with unusually fast cycle times and high sible. Careful drying is crucial to maintaining molecular
levels of regrind: they can be molded into long thin weight and thus ensures a consistent oroces, and
sections without flash. For these reasons, Vectra LCPs are product.
actually much more economical for injection molding The exceptionally low melt viscnsitv of Vectra resin
applications than their price per pound or per cubic inch allows easy flow it low pressurp_ Parts are usually 'I'VAI

would initially indicate. Furthermore, with proper design of at one end: multiple dates are oenerallk rc,'•ctri _nrd

parts and molds, they are among the easiest materials to beci lPf knit J=. Careful design. however, minimizes
process. tne effect of weak knit lines in all out the most critical

cases- For example. pans that have the snaoe of a
Low Mold Shrinkage: Vectra resins have uniquely picture frame" and have thin or narrow sections at the
low mold sni nkage because there is virtually no conven- knit lines may require overflows in the moto design
tional crystallinity Jeveloped during the transition from Vectra LCPS have been iniection moiced on n. 3rly air
melt phase to solid phase. Therefore. essentially all of the types of commercial macnies. The oreferrec machine is
shrinkage occurs as a result of thermal expansion or a reciprocating screw injection molding type The snot
contraction as the part changes temperature. Typically. size should be 50 - 75% of the mrarhing ~•ing T.e=
fiber-reinforced Vectra resins have 0.1 - 0.2% shrinkage sno•tld be a orovision Tor zero oack oressure during
in the flow direction and 0.3 - 0.5% in the transverse plastication, a functionai cnecK nna. thermocou e-
direction. This is about one-third to one-half that of a controlled heating zones, and a reverse ta;rW (nylon-
crystalline resin of comparable filler content. type) nozzle.

Coefficient of Linear Thennel Exponsion ICTE): Extnmxiow: Please consult your Vectra LCP technical
Vectra resins have a very low CTE. for fiber-reinforced service engineer for information on extrusion of VectraD grades, the CTE is about 5 ppm/°C (9 ppm/°F) in the flow resins.
direction and 3C - 50 ppm/0C (55 - 90 pm/*F) in the
transverse direction. [ppm = cm/cm x 10-6 or in./in.x 10.6].

The CTE is low enough so that the expansion of con-
nectors, bobbins, and other items can nearly match that
of FR-4 (glass-reinforced epoxy) printed wiring board
materials. Matched CTE's result in lower contact stress
and less tendency to bow the board when surface mount
technology processing is used.

firjection Molding: The very fast cycle times nnssihle
with Vectra materials result from the near zero heat of
t ormionfuson) at the melt transition temperature.

The neat of fusion is oniy - - 1•% 07hat of polyoutyiene
terephInalate or polyethylene tereohthalate In addition,
use of a coot moid 90 - 100'C (195 - 212°F) accelerates
the cooling process and further trims cycle times.
Molded-in stress is virtually nonexistent at all mold
temperatures.ambient to 1500C (3000 F).
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0 The Family of Vectra Resins

Individual members of the Vectra resin family are tailored Al 15, Al 30, A1 50 15, 30 and 50% glass
with functional fillers, fibers, and pigments to accommo- fiber in A950
date the requirements of many different applications.
LCPs retain their excellent flow properties and reliable 513&. 30% glass fiber in 8950
processing performance at filler levels up to 55%.

C1IS, C130, C150: 15, 30 and 50% glass
fiber in C950

Base Resins

Vectra base resins are divided into two wholly aromatic Carbon Fiber Reinforced Resins
groucs: cooolyesters and cooolyester-amides. The
copolyesters can oe f, rther arrangec according to their Reinforcement with carbon fibers gives nhigner stiffness
melt point and processing temperature ranges. The and strength than that obtained with glass fibers. Other-
designations for all standard Vectra resins consist of a wise the physical properties are similar to Vectra resins
letter indicating the polymer type and three digits indicat- modified with glass. Carbon fiber modified resins are
ing the filler/fiber type and level, electrically conductive and generally apoiied where the

highest possible modulus is required. Carbon fiber
reinforced Vectra resins are offereo with 30% reinforce-
ment and are designated as follows:

Vectra Fam~iy Groups

1 Me Pont 
-....

230. 30% carbon fiber in A950VGrade Chenusty "C (°- " Charaae mstic -

2230: 30% carbon fiber in B950

)I C950 Copoiyest.e' 3251615) Easefiow. Higher

~ .1 .~. tifresistance ai e

Z ________________________ suitable for bearing and wear applications are grouped in
the 400 Series of Vectra LCPs as listed below

Glass Fiber Reinforced Resins £410= highly tilled glass-fiber/mineral variant:
easy flow and excellent dimensional stability

Reinforcement witn glass fibers adds stiffness, strength A420: highly filled glass-fiberimineral/graotite flaKe
and neat resistance, and reduces the degree of ani- variant; good wear characteristics.
sotropy. As the amount of glass fiber is increased, warp-
age is found to decrease. Some of the glass-reinforced A422: moderately higher glass content and higher
Vectra LCPs are offered in three glass levels: 15, 30. and graphite flake content: better bearing
50%. These are general purpose resins suitable for a propertie god wea r a emicng
wide variety of precision industrial, automotive, medical resistance.
and aerospace applications. They are also rated UL V-0
to 1/6 of an in.. and are specified for eleciricd and A430• moderately filled with polytetrafluoroethylene
electronic devices such as connectors, passive compo- (PTFE) powder
nents, bobbins, potting shells, and relay components. In

Ssurface-mounted applications. Vectra LCPs are dimen- A43S: a glass-reinforced. polytetrafluoroelhylene
sionally stable and vapor-phase and IR solderable. The modified bearng and wear variant with high

dlesignations areý strength and stiffness
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B420: similarl'o A420. but using B950 resin as a Color Concentrates
base -nardest Vectra resin variant; good
wear resistance for light-duty bushings and Color concentrates are available in letdown ratios o0 10,
bearings. 15 or 20 to 1 These concentrates are intended for color

identification purposes'ather than color matching.
Cadmium pigments have been eliminated in these color
concentrates. The color concentrates are available in

Mineral-Filled Resins these colors: red. yellow, white, back. blue. brown and
green.

The mineral filled variations listed below have easy flow
and good to excellent impact resistance. Precompounded colors may be available; please check
They are usually specified in applications where flatness with your Vectra resin marketing representative
is important.

ASt 5, AS40, 15 and 40% mineral filled A950

AS30: moderately mineral filled, with softer filler: Developmental Resins
easy flow. good toughness and excellent
dimensional stability: used in wear applications The developmental Vectra resin described below is oeing
where low wear of counter surface is critical. introduced to the market to meet specific needs.

CS50. mineral-filled C950; excellent dimensional
stability, high temperature resistance.

Pfatabhie Gras for printed circuitry apoited directny
to a molded part.

Graphite Flake Filled Resins C81o= highly filled: conventional cycle times, special

etch step, smooth surface.
Vectra LCP filled with graphite flake has exceptional
hydrolytic stability and resistance to chemical attack. C130M: 30% filled, conventional cycle time, used as the
Useful in vessels, tubing and fittings where chemical non-platable plastic in the two shot molding process.
resistance is needed: also for thin-wall encapsulation
(0.015 in). Other platable grades can be developed to suit the

particular needs of the application. For further informa-
A625: graphite flake filled A950. tion, contact your local Vectra resin marketing represen-

tative.

Electrostatic Dissipative Grades

Resins in the 700 Series are modified with a conductive
caroon black to provide electrostatic dissipation They are
suitaole for PWB carriers, static draining guides, and
metal replacement.

A230. 30% carbon fiber in A950.

B230- 30% carbon fiber in 6950.

A700: 30% glass reinforcement with conductive
carbon black in A950. Good static
dissipation, stiffness and strength: requires
higher pressures to mold.

2.2



0 Design Considerations

Key properties of Vectra LCPs of interest to those who
design and specify materials are covered in this section.
These include mechanical, physical, thermal, flammabil-
ity, electical and environmental characteristics,

Mechanical Considerations

Mechanical Properties: The data presented here
were all measured on I/e in (3.2 mm) thick inlection
molded oars, unless otherwise noted. When considering
these property data. it is important to keep in mind that
the thick, highly oriented skin, which is characteristic of
parts molded from Vectra resins. may comprise about

40% of a Y/ imn thick piece. This unusual flow-induced
orientation of both polymer and fibrous fillers results in an
unusual relationsnip between part thickness and me-
chanically related properties-strength. stiffness. coeffi-
cient of thermal expansion, heat deflection temperature, F~w* 3.1 Fractured vectra--.A130 (30% glass retnforcel A950)
and others. When designing parts, it is necessary to niction molded bar.
consider the thickness of a molded section as well as the
flow-induced orientation. For example, a cantilever beam
in a snap fit must be scaled for modulus as well as the

strain level. Contrary to what might be expected, very
thick sections are noticeably lower in modulus and
strength than thinner ones.

Fibrous Nature: The layered, fibrous nature of a
section molded from Vectra resins compared with that of
a giass-reinforced engineering plastic is shown in Figures
3.1 and 3.2. The skin can be seen to contain glass fibers
that are highly oriented in the flow direction, while fibers in
the part's core are much less oriented. The conventional
resin appears to break quite cleanly and does not have
the woodlike fibrous surface

Figure 3.2 Fractured Celanex 3300 (33% glass hber reintorced PBT)
iniection molded bar.

3.1



Anisatmrop The anisotropy of Vectra LCPs vary so
-narply as a function of filler type and amount. Contrary to

oerience with conventional resins that are nearly W sW

isotropic when unfilled. LCPs are highly anisotropic when 0. Qom MosM"
unfilled. One result of this situation is that neat Vectra_______

sins fibrillate easily when lightly abraded, Unlike other-
- sins. LCPs become more isotropic as the level of

fiberous reinforcement increases. For example. while the ~
insverse stiffness or strength of Vectra A950 is about as
1% of that in the flow direction (MID). it is 40 - 60% of the 40

flow direction measurement in the reinforced resins A130 9
rnr A 150. In contrast. PST with 30% glass reinforcement 3

s about the same ratios of transverse-to-flow direction
0)D mechanical prooerties as Vectra A 130 or C 130.-

~:igures 3.3 - 3.6 illustrate this effect for someot the most 4: :
cauently used Vectra variants and a typical 30% glass-
niorced PST, Ceianex" 3310 (see Fig. 3.5 and Fig. 3.6).

A130 AMS A42 A23 8130 c~wft,
LAOUW'' -- :3;3310

Two *m.Sir..m Figure 3.5 Vectrao. Celanexe Anlisotropy -
~ Tee ~~~ ~ -Tens"e Properties 1'lain, Thickness

S0-

50

400

10

A130 8130 C130 A540 A*Z 2

f lure 3.3 Vectram' Anisotropy - in4hcnes0-
Tensile Properties -,i.Thcns

50

40

£130 A150 1A625 A230 8*5256lw

Xgu: Fi.4r Vectr Ve s Anisotrop Anstrp -
Fixua Arprte A6 ilxua Thickness9 n.Thckes
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Thickness2 The effect bf thickness on the mechanical Table 3.1 Low Temperature Properties Vectra A950
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in- Figure 3.9 Flexural Strength* vs. Temperature
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Figure 3.8 Flexural Strength* vs. Pan Thickness

Temeraure Th efectof empratre n Vctr
resins is similar to that of other semicrystalline plastics. Li

That is, as temperature increases, stiffness and strength 2-----------------------A130____
are reduced. However, toughness of molded parts is2
maintained without noticeable embrittlernent down to - ~ i -L - --
cryogenic temperatures as low as that of liquid nitrogen:I
see Table 3.1 (A950). Figures 3.9 -3.14 illustrate the J

(J effects of temperature onstrength and stiffness of several so to0 ISO 20 5
(122)I~ (212) (3D21 (392W 14112i

Vectra compicounds. Termnceraiure *CCF

Figure 3.10 Flexural Modulus' vs. Temperature
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Craop Roxistanco.: Vectra LQPs have good resistance 5.0x10' - 3__4.5
to creep. The creep moduli for several grades at tern- -- -- ..-

peratures from ambient to 250*C (480*F) and appropriateO stress levels are shown in Figures 3.15 - 3.17. The test D- I
stresses were chosen to be 30% of the short-term failure log- -__
stress, and none of the samples failed in testing, which a
extended beyond 10.000 hours. No sign of creep rup- -

ture-a common form of failure-was observed at stress
levels below 30%. C

10 100 10' 102 10' 10'

5.OV0 34.5Timne thoursl

Figure 3.17 VeCtra Bi 30 Creep Modulus

10 Fatigue: The fatigue resistance of Vectra materials is
S also good, according to somewhat limited testing per-

TI3'fto' formed thus far. Figure 3.18 is an example of tensile
.. fatigue data for Vectra A230.

10 10* 102 103 to, 10t1o,0

100 Fiur Figur Ve.18 Vetr 303 Cereei Moatigue

a AO

01

F10e .6 Vetr C13e Creep Modulus (Anneasiled)gu
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Table 3.4 Heat Deflection Temperalure.(HDT) Ranges-,--* --

Heat Osieiown 0
" Terrilmattre IF (*C) 2 ,0

- ~ ..m264psa I
~S~l~~ld)' --- .. (ASTM D648) :126- -- - -- -

lot) -.ý -: 1 .-130485 (220-2501 "I6N'o
20Oer~~r-ri itwilld)4W-445(220-230) Zi1 6

400 Soros (g, IWerinaeral) 4 3045(220-230) U 1 - - - -- - -.

500 Senos (mineral NWed owio)Z a 0 - -- - -- -

g00 Senes (unfited 40*4 4 -.. :0[0.0
-80 40 0 40 80 120 160 200 240 280 320 360

Temperature (*C)
Table 3.5 Coefficient of Linear Thermal Expansion (GTE) Testing Rate: SIC/minute

psi - GPa X 145.000
*C-. - ~ CTE ppnv IF (C) Figure 3.19 Dynamic Mechanical Analysis (DMA) Vectra' Al 30

Row Transverse
Grade Direction Direction

Vectra -1-3 - ",.30-40 -
30% glass emorwjo '. l(-6P (~50-70)~-'ý -a - I I I - -- i- .

40%mrineral reinforced - 5 (9) 3 5  ~~-1
Vectra ~ -- ira-4 'to -2 7*~535 20 - --- *2.02

30% carbion fiber reinorce (-t-3) '- -(565)

40% glass. reinforced *(20-2S) rI" - - - 11.2 ,

P -7 .25 -30.nl nA I

30% glass reintore ~ (45-SO) - ;C;;.~*-08

609 - i *

-80 40 0 40 80 120 160 200 240 280 320 360
Dynamic Mechanical Spectra: Dynamic Mechani- Temperature (*C)
cal Analysis (DMA) is a powerful technique for indicating Testing Rate: 5CC/Minute
the stiffness of a molded part as a function of tempera- PS GPa x 145.000
ture. Thus, it is a useful method to compare semiquanti- Figure 3.20 Dynamic Mechanical Analysis (DMA) Vectra' 8130
tativeiy the thermomechanical performance of different
resins. For instance. DMA curves for Vectra A130, 8130 -

and C130 are shown in Figures 3.19.-3.21. Stfifnessof 'a -2..8~-..f .
Vectra B1 30 at ro'mm ~'tP ''-t -een to be much 0 L- CkI...1 .
highier than that of general purpose Vectra A 130. while in 0 24--
the vapor phase and IR soldering range of 215 -2300C 725 . - - - -- ~ LL. 0

0(419 - 445'F), the stiffness of C 130 exceeds that of A 130. 2
An additional properly that should be noted is the IC 1 .1 1.6.7

damping or energ-absorbing characteristics of the 9 12 . - - - - 1.2
resins. The curves indicate strong damping peaks at
about 50 - 80*C (120 - 175'1F); therefore, at these tem-
peratures plastic parts of Vectra resin are especially 4 E -- ~ -4 ~ - - 0.4
efficient at absorbing mechanical energy or acting as00.
sound dampers. At othler temperatures. Vectra parts are -80 -40 0 40 80 120 160 200 240 2830 320 360
already very good for absorbing energy, as evidenced by Terniirture ('C)
the lack of "ringing" when they are dropped on a hard Testing Rate: SIC/Minute
surface or subjected to vibration in service. gsi I GPa x 145.000

Figure 3.21 Dynamic Mechanical Analysis (DMA) Vectra' C1 30

Preceding page blank 3.7



Saildriag Stabfl4-y.Vectra blaps-filled variaintsare Table 3.7 UL 7468 Lonig-Term Properties
commercially successful~iri applications'requiring wave. - - ame hrrmai index, IF (*C) -

vapor-phase, and IR` splderiflg. Table 3.6 shows the W
reflow soldering stability of LCPs versus some other Mba*EWuKn"
thermoplastics. **XX mv 14~a 46 ~woirU1 .5mI*

ZA1ISOI 46S(2401 4 20
S10 430(C220)1 =430 WO) MO2)
~C10~465(240) 392 (200) .200)

Table 3.6 Vapor-Phase Solder Stability

PWUIt if16iS~f~lCh~Q - Flammability.. Thrrjwc'ZW+.4-aFtur 419*F (215*C) Exposue__________________________

J.CP ~ ~ ~ ~ ) (L0 US4- L~00 00 Vectra LCPs are inherently flame resistant. They are
c,,.(,, '50.05 rated UL94V-0 by Ut. test procedure without any additive

___________ ~~--~ package for flame resistance. The limiting oxygen indices
PST (30% G.R). ý.T-L ;0.2 '0- -.. 22 range from 35 -50%. Vectra resins meet the current

4, W .03 W 0.50 '.'M Federal Aviation Administration standards for aircraft
- -~. 0. -_4- interiors. They have a low NBS smoke density rating

PPS (40% G.R.) -~--.-0.15 L, 0.16 (Table 3.8) and the products of combustion contain
-. at- .-.- Wf a.m W 0.5 nondetectable levels ot halogens and cyanides (Table

_________ -- D a__155____ -- D________ 3.9). In addition. Vectra. LCPs performed very well in The
PEI (30% G.R.) ~ L 0.2 _-..L 0.5~ Ohio State University Heat Release Test (Table 3. 10) per

N.W .6 -- W 0.0~. FAR 25.853 (A-i), part IV of Appendix F.

L flow fS0160 aflwnslOf ciarge On PVC1101i
IN trbansverse Cloatwirm dnermon charge (to pusnica
D - hcdmew chrean dowwoan changs (in pfcuflul
* Expasuae io FkiuO*if' Fc-70
* P49werea v~ammr of 3 Ca

Table 3.8 Smoke Density* Vectr AMS

Xlitstnrng: When exposed to temperatures near the
melt point. Vectra LOP parts can blister. Blisters are MO 01.5viir- t 4

abuse during molding. Molders should avoid excessive y0i
melt temperature and residence time in the barrel.
Increasing thermal abuse decreases the temperature at 0fl)- -

Athich blistering is first evident. This effect can be used -- 2.9~ ~ i
to gauge manufacturing quality, since excessive thermal ~Z~9~
abuse results in blistering when the piece is exposed to- d

itriresnold temperature. With proper processing, parts as-
Jio not blister at temperatures up to 240 - 2600C (465 - . . .a- .

500-17). .Vectra so5 _______

'A- s in. (1.6 mmn) 14i.n (3.2 trim)

,ontinuous Service., Underwriters Laboratories'-
UL7463 test sequence is used to establish Relative - .-
Thermal Indices (RTI), sometimes called continuous use r .i.. o .~

!Mperatures- Based on thermal aging measurements,
mTi's give a guideline temperature for long term retention e e4.0 min.4 .i ~-
of properties such as dielectric strength, tensile strength '-

riechanical strength without ýmpact), and tensile impact -90%0 ) ,- -,!20.0 15 8.
rngth. The final RTI's for thegasrifcdVcta . :. '

Series A 130, Al150, and C0130 are listed in Table D 7 '0; .
7 Please consult your Vectra LCP marketing represen- 2' - - 0
tive for further UL information on other compounds.,___

-NBS Smoke Der"it chamo ASTM EM.62 NFP 258
Abuve are tirp~Ca Values. not to be used lta spert~catiohl oumoses
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Table 3.9 Vectira Products ot Combustion (ppmn) Electrical Properties

- . ASO AI9950MO 8950 B Vectra resins exhibit good electrical properties. These
Gas .- ~Smodeng R~lui1~ den~ ~Characteristics combined with easy processing. dlimen-

_ ~ - . ~- sional stabihltheat resistance, and mechanical integrity

Ptiougene~ ~ ~ a. - *t.0~-... nents, especially for applications involving surface mount

er-c - - - -technology With outstanding dielectric strength-typically
+00onif 30 - 50% higher than that of other engineering thermo-

__nd moderate conductivity (Table 3.11), These variants can
be used for static dissipating applications (ESOD) and

~ Z limited electromagnetic interference (EMI) applications
4An~morua ?- &'0 -

Carbon~-- . Table 3.11 Conductive Vectra Variants
.~onxde-. 1 ~ 2 ~-vectra Carbon Fiber - Conouctirve

4Cro Dioxide~ 00 Variants Carbon Black

Nitoen Oxides 2 -2 *.Grade.. -i -ý-A230 --.,.e - A700.

Hdr-a-n <2 u n . e
-9ylwm -

-as n-Octane 2W

The above data were genierated an 3 inch x 3 minc x'% rich (762 mm, x M1 mAm In addition, Underwriters Laboratories has tested a
x 3.2 rmin th"d MlQues. The gase were measured tini Drage tubes
artacdi o a amp"post aridorcuim" igsytm added toime NW Vito" number of Vectra variants (Table 3.12); thtey report
density Chamber, measurements of flammability, arc resistance. hot wire

NOS Smoito Density Chamber ignition. high current arc ignition, high voltage arcingWASTM E-662. NFP 258 rates, and comparative tracking index. These data are all
Abve aretypica values. not tobe used for specticaum purpom. reported on the standard U.L. 'Yellow Cards,'

Table 3.10 The Ohio Stale University Heat Release Test:
Vectra A950

Test Panel Accumulative Maximum Rate of
Thickrness, Heat Release @ .Heat Release

Inches, (mm) 2 Minutes (kW/cn9t) - kW/crrt2l

0.062(l.6) __16.8 57.8, @t77 seconds

ZI.1125(3.2 -2.4 59.2 293snd

Tested we FAR 25.853 lA-1i, Pan IV Of A*Pefdux F
Above at. actual data from1 one tasted W1 telserved to be typical.
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-ble 3.12 Electrical Properiie- of Vetctra variants,

Iroporly -. AS7M Unit, Varsanls
tft A1 JO A150 A1930 A41 Q A420 ?A4 1 .A.5 -EB130 1  C.:

Vournac I- CA-lt I -

Resisitivity 0257 ohm 7.9x00' 3.OxlOII 5.9X 102 8.60010' 1.60010' S£3 0' 9.4x!0 10 .Wz10 52.x*0ý 2JIxIV

Arc Ra~stance :0495 4 N.C"0T128 -18O 0 181 ý175 -:&39 ý1i _ .1311 .*l

FCornpýLrarrve
Riesistance D~ 3836 ''voil 175 -20,225 r. r-200_" `225 V 50... :7 -20.

0oieecific * ~ -* - Z¶ ~~
Slrenqlh 0149-r.. - -

Shor i~me 2. ~m 4 __22- 22~ -7 .22 1Z3

Dielectric ý*- -- -l

Conslirini 0150 a4 %r0 I
1 MHz 3.7 -. 3.8. 6.0 .J4. t 9, 37 3.6 ,42

Oissipation ~~ ~ * -

0.015r ____ ___ tDt0~01
1 kHz ;6.~ 020 ý-0.016.F -OZ 0W 0.019 iZIU117.. p-0.1)41' 0- 0 _0tO

eA~men tnicfloss: 3 mm
onctidton* 20* C @ 60% RH

Envirq~mental Considerations

later Resistance: Figures 3.22 and 3.23 illustrate the 4W%~ ..--
_Jec! of steam exposure and water immersion on Vectra $-4.- *

A950, A 130, and A625. In general. w~ater immersion is ~.-a- ~ .-

ore severe than steam exposure. Vectra A625 exhibits 80 ~___
ýcellent retention of tensile strength and modulus. Most 7 j

grades retain 60 - 80%11 of tensile properles after 1000 7,.

1,nur'exposures. 6

100 ' -, i & .

~40 ~1

80 .................. * .w ~ -

~.-t~j~j. ~Z~i. -~ 0 200 400 0 8 t'O

-~~~Tn i 4nou r s. -

.*) 40 ~ iue32 ydrolytic Stability in Watuir an Steam1 to 12 1Gand IS psxg

A c.A130wi. WeAthering: Ftirure 3 '14 ptesvnttn ttw, eltt,,'s ot AVCQ

01hour.i 
exposure iin a xeioil wk,' ~*

o 20 400 600 8n0 non0 Vt~ctr~i nal~erll 1~1,; *,.k1 tilgh ki ~k....b
1 iniei (11ourn) fl(11 C th l ?Vii 0Xt. ot titC t'riiika \

F ur e 3 .22 lydrolylic .it, IN lily ini W.vit andtu .t .I i '1,1111oI I * a'l C

(-ij 121'C *ird 15 .i I ýtii lkii]i(M Uioiil t h' t' 01 t, WA

Best Available Copy



777- -

___ Figum 32i Weatherability of LCP Resins. 2,000 I-Ir. .- Chemical Westistance: The resistance of Vectra A950
in Weattierometer* (ASTM 02565) arnd othepVFAdes to common inorganic and organic

100 solvents, acids. and alkalis is listed ifrfable 3.13. With a
/7 few exceptions, chemical resistance'is good over a 'wide

temperature range. lh practice, of course, Vectra materi-
- als should be checked under actual use conditions, for

example, by suspending test bars in the process stream

60s . AN chflqmcal resistance data are based on avvera of five molded ASTM
00 flexixu test bars (5.0-XO.-X0. 125-).

0 EP1O RATING
ol A. Essentilaly no effect: Loss than 5% change in medichwi propnis

and less than 2% criange in weight and dimensions.
S. Some Change.

20 i VFJ C. Not Recommended* I]~ ~ MPE RATING system as suggested by Modemn Piastics Eridyciopeota
ASSO A130 diBs 1986-7 page .422.

Tenil Tenil Flex Fl/ Noce etO. A osgnificant effect-, <0.5% < <10% chan1ge *eight. dirriensiori, anid
Tensle ensle lex Fle. Ntchd Hat ef. strength. respectively; slight discoloration.

Modulus Strength Modulus Strength Izod Temp. 93. Significant, but usually not conclusive: 0.5%-i .01/. 0.2%-0.5%. 10%.
'Xenion arc lamp, air temperature 125*c, 20%. change in weight, dimension and strength respectivewy di1scolored.
18 minute water spray every 202 minutes C. Usually signtifwican >1.01/. 0.5% & 20% change in weight. dwrnension

and sent V. respectively: dinstoned. wai'pe, softened or crazed.

Table 3.13 Chemical Resistance of Vectra Resins
The following ta"l of chemical resisance should be used as a guide
only. The data indicate the test conditions and resulting ratings. These

0.0conditions represent limits of test apparatus arid not necessaiuly lImits of
~0 use- it is strongly recommended that the end user teat any mateinal in

the actual chemical environment or product stream before use to
detenmine its suitability. Changes in concentration, temperature.
mixtures, or contaminaents can significantly affect results.

- ~- n~~ .. i~A~erpersiure~.

AcifcAd (ghcial)
-Aceti 

100.;.-l ' -
6j*sil'rAAcetne -- ~~~-..A.. Axlet ' 0100 W_.29

AM" 100 _v-i-4il

- -. ~ ~ -.- E. .&133 -~.(56)~~~~i 44~ __ 77 __ __

Aritifteeze/Water Owj ~

0.3
311J



* I v~n? Vecira Grade, Timfi. Days __ rauaure
__________(IC) EPO mp::

- .ýýoc. - A1 30.

~~~~ IO - A130

-- --.O' ~- io~- 22 -- .- "0

- . 100 (121) ~-4S - 2~~

'100 A4M20 9

Ch~crioo iiF(dr) A130 - zr- )~ :' *'-

-~ ~ ~ AA22 .. OOO _.El25

-~1 --3:4D__

- ~ "'u .O -"A130 Pz50jA~6) 13 1

-100 '~ -A422 B _

*T~ ~T.' ~ ;100 A4 ~506)

*~_ **-,--

Best AvialeCp



- '*-~~%) -- Time. Days Aoprrr -Or, -
___ ___ ___ ___ ___ __ ___ __ ___ _-_(C -EPr MIPE

EinyAcotate :y* 10

A950 s-.Atr -* -

~Ethylene Diamine b -. (023)~95

!?n%30 ~ 9 2)A. A _

q5O 80
- A1304'..18'73(2) B B

~Wo 625 80 9 (3

- 100 ...ýA950 *30O 1

Flucrnerr*iFC-70) 100 I
- 100 A30~-A ---- '1- ~~9 .215)A

-. '.. ~ , .0 C3 ~.~K'.I2 ~ ~ ~ 4 9-'w215) 'z *A

cAc- 80 Rt95 13

_80 61 .wwn ~y~~ ~~270 6 0)-~

- -' ~80 A625W 5~27 - 6 -~v~14

7Frton' (R-12, R-22) 100 i2 :-A950 -'S '~ 75 (8) - A

dicniorodiflucrome~thane -100 ".. A625 e .A

dscrdlurmethane *. . 4 '
,-~roilur -Z'-w~-~_ _ _ _ _

I .eonf 113 @ Reflu x)) ~ 7='7
4-~10) _: A4- 7A130 -*101 -6 '7~ .'A

AO~

FUES:100 A95030
13LS- 0 30 "~5~;2~-

Fuel C. ASTM 0471 _ 100 B ~10 '3

,50!50 Iso-oc~ane/roluene) .100 742 ~ 2~~ i ~ 11~50.4. 21) -A

-. - - '100 B950 ~ ~7.0 ~ -a20 * ~ 121)A

I- DO 302 -. 250 '1 121) B 8
-3100~ .C950 :121) A

~-00 -=-.!-A130 - 2; 250~ :21) B ~
--.10090s213

~P15%F: - ~ ,A130 - * 0 - 20 _ 21
.15 Fue C- 5 i ~AýA422 7 iA20; ?.250 ~121). L--

85". Methanol) 13.-1583

'~~ ~--~15 8B420 0 .S >2) - ~ C

313 Best Available Copy



Rating

ýSour Gas.,
-'jzm3 HepWan Tolumm00.e3

00 21
0031. 950 .21)

Unledmemxd gsl 9q 2)

9 _ 100.7. B42() - 50 121) -

v-100

-~ :' : ~ '~ ~ p- 00.1 13

.U~nleaded gasoline A0 4C o

102850 (9121) 7'A

842 21'# ) A

IO 1(21)

B42

C fi 90193~10~8):- -- -

37 E 69 10" 90 (8

(Anhyr30- - 18

3 14



;aew Grd *4w Days

*.Reagent Ir - - EPD MPE

-s-ctn ±I2Q W - (23) A J
.,,Metwaol @ Raflux ; . ~ ~ A5 ~ 3 ~4 5)-

A422 30 - 48 (64)8 C
8950 ~ 148 (64) A i-

ri~' -B420 ~ 0 ~ ~4 - (64)B C-

4! ::~ 10 -.. A420- - t~z_7i1wl48 -(64) B C

-Methylene Chloride 1: 00- A950 -150 - 104 (401 A -

_-. 100> A130 .- J_-S A~i 1. 104 (40) B

A625 . .10 04 (40)A

Monochloroacetic Acid 11080OAB -122 (50)A

1~00 ~ A10.8 22 -5)

Mopaln ~A130 z0 20 -(132)> A
~(200 PPMI Steam) !=;

---Nitric~a .- .~ Add~~10 7 (23) ~ A 4-0

p, "A950 -U.ýOJ- ' 5.(70) A A
-'50~ A130 *-)30158 (70) A A-

A62 -1 .. (70)
_A950 Z 6~'- 158-( A A

A62 ~ % 60 158 -:(70) A B

67B C

Nitobenzene IS _ _ A65-:6)iZ .
NtolcrnA950 30- 5 -A

OiMtrOl1OW-30 -100 A950 : :30 -250 (121) A

r,100 A130-. - 30 - 250 (121) B B -

8950 .~~ 3 0  250 (121) .A
iJOG ~.'-C95 .';'0 icso (121) .A

'AAL
00W 250 J121)-- B-

100- _.'130 '32 - 20 (121).-

Oil, Silicone 100 A950 30 392 (200) A - -

Pentafluorophenol - 100 A950 10 -140 (WO C -

3.15



Reagent - n . Vectra Grade -- rn Days Z.4 -,* -Rwxvn

;S --nl 10 -A950 -

100 ~A130 - '' 8012 0O

- 00 645 A =_A8 212 (100) . ~

_;Skydmt _ 100 VA5 -0St I A
1 00,~ 8950 .9f-w

~ *Or.~ s 30
WI 4uo --7~51 slug.~ A

'-- ~30 W7_5 A;5~(2)

g!-~A950 'A- A .
5 7. A130 90 - '3 (3

_A5I5 *;:"-"*-4 (23) g~
5~.- A62 -

~~ ~ 5 .,. ~ A 25

A130 EL. 3Oo- -- 5 ) Z 8~

5 - A515

562 'A a.3i 58--8
S -- A130 -

5 zýASI r 380-'A Ws 58ý &M -W

5 - A625 i58 - -70) A r

- .r-5i 151 _ 10 'A1 2±e3~~t~

105 130 90 35.8
:- -.1:0 A- . _%_ 7-~ -( 3 'X .

130 735A
10 :A1303010-{8

AM:' .F ~ , -30 - _
5060

30 5 r: , P) - 5L A

7' 1 0 A6250 F A~0~

10A.5 go-, 77..1 -7 -.

-- to3 73



Reagent - Zhi coc eaaGade, L. :_Time tDap Tempenitat 4 Ralmg

u'Suffuic Acid A5GW 1909

- 4
130 90 r!L HN1M0) -C

AM 375 ýý(19)

93 - A50 19030..
~~" O4i 37~~-13 -.. ~-3 ~5O

1 3 WM A65_~3 ~~.2~ (121).dt
-.- d..* ~~- ~ A51 _ 250 -(123) ~ CC6

Terhdrtrn 10 & 625 f~ ~- ~ '~-(3

B95 l&73 ',"-

-.-- A6,25 1%3 25--~30 (149 C-.A~--A-

-100'. 132 * ~ - 2300 A~19

-..-. -A

~4Q_ -

* ~ '~- , 100'. ~ A2iT30 (149) ~900

S. 100' cB420 =:;0 300 ii(149). B.' A
100_- C13- 'F -ýLIGr -- A -vA.-~

""richoroethne - -A-A450-. 1A 90 -. 1C 2 (66g) fi L._B

Ure - 100 -95 ~.60~ =A-

~~- -* 100 ' I A20 .- )~ a6 4? ?5

Trichiooetha0 100- A9500 -(11) -

Watr.Sea m 46 A950 .4!.109 20 .1) .. 8 -

A130 - ..- 460 _:;.250--.---(121) a

-A625 - 60 -.250 -. 121) A

. exor' is a roqfstefod irmadenar ot Bura ca si~roi inc
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Radiation Resistance: The effects of exposing neat
resins. Vectra A950 and B950. to Cobalt 60 radiation at
various dosage levels are shown in Tables 3.14 and 3.15.
Even at 500 Mrad exposure, both grades have excellent
retention of properties.

Table 3.14 Effect at Radiation on Mechanical Properties Vectra* A950

,i~ectne-d950 Osage_______

~ 25 -*_&00 : - gt2SO* 4&5O0=

-.Tensile Strength ~-21 ~ 60 ~ ~ ~ 59 ~ 63-
ASTMV D638. kpsi 2. -60ý 592.

Tensile Modulus 40V
A5TM0D638-,Mpsj V ~':- 1.5 15 ~ ~ 5 r. k ~

Ultimate Elongation- - - -

ASTM D638.% 483.8 - :.3.9 -t .8.. .3.

FlexuraliSirent . -.. A
________D7___0%____22.9_ Z3.:4 23-1ý2.2 rj

Flexural Modulus . , ~ . ~ ~
ASTM D790,Mpsi T -. 2 1.3 1.3 '-1,~-rS-6

Heal Deflection Tempqerature -; . .;.-7,-:.--

ASTM 0648, @264- ps -F (-C);;'! t'Z60(82 356(180Y ýG35 "`!!!i 356 110 ? 335(1 69)

Above are actual data from one tested lot. These are typical values. not to be used for specification purpose.

Table 3.15 Effect of Radiation on Mechanical Properties Vectra" B950

~ '~2-Dosage (Mrads) t-
Vectrat B950 .- __ _ _ __ _ _ __ _ _ _ _ _ _

Tensile Strength ' :-.. ~~ . ~ -~-~7G....7

ASTMOI 638, kpsi .6 - 7.

Tensile Modulus .. .,. ~ ..

Ultimate Elongation------. -.. '~ .

ASTMOD638, % 1.-.- . 13 3 ~. .A1.. *-.ý .

Flexural Strength- -.

ASTM 0790, kpsi .34.1 34.7 33 '7F-- T?339 '14:35.1

Flexural Modulus-2. - 20.22.
ASTM 0790. Mpsi 2.0 2. -22..

Heat Deflectiion Temperature - ii) ".-Iý F
ASTM 0648, @264 psi, *F (-C) .. 5 ~ - 392 (200) 392 (200)~ .392420 - --387 (197) ., 374 (190)

Above are actual data from one tested lot. These are tyrpical values, not to be used tot specification purpose.
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Agency Approvals

Underwriters Laboratories

Extensive Underwriters Laboratories ratings are available
for Vectra LCPs. For details, please consult the UL
"Yellow Cards." More current data are available through
your Vectra resin technical representative. In general,
Vectra LCPs with glass reinforcement are rated UL94 V-0
down to 1132 in. (0.8mm), while the systems with mineral
and mixed fillers are UL94 V-0 to '/16 in. (1.6 mm). Glass-
reinforced Vectra variants are recognized with relative
thermal indices over 200'C (see Table 3.7 for details).

Military Specifications

Both the 30 and 50% glass-fiber-reinforced Vectra LCPs
(i.e., A130, A150, C130,) are approved under the U.S.
Navy's Mil-M-24519, GLCP-30F or GLCP-50F designa-
tions.

USP Biocompatibility

Vectra 6950 and A950 meet the requirements of the USP
Type VI plastic.

Other

For confirmation on compliance with other regulatory
classifications, specifications, or categories, please
contact your Vectra resin technical service engineer.
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Processing

Some General Precautions/Safety Equipment Types

No particular hazards have been identified when Vectra resins have been molded without difficulty in many
injection molding Vectra materials, provided standard different types of reciprocating screw molding machines.
industry safety practices are followed. Vectra LCPs are As with most materials, the machine should be sized so
inherently stable materials. If heated to excessively high that the shot weight falls between 50% and 75% of the
temperatures, however, LCPs can decompose and give machine rating. Small shots from large machines should
off decomposition products, as will. most polymers. If be avoided to prevent excessive thermal degradation of
insufficient ventilation allows concentrations to build up, the polymer.
these could be harmful. It is, therefore, recommended that Because Vectra materials are fast cycling, a machine
adequate ventilation be provided. should have a high plasticating capability to achieve

To avoid thermal decomposition, evolution of fumes, optimum cycle times. Although screw design is not critical
and pressure buildup in the barrel, melt temperatures for Vectra resins, some general characteristics are
should not exceed 3500 C.16600 F) tnr thp A •nd t (;ripp, preferred:
and 3700 C (7000FIfor the C Series resns. These tem-
peratures are weR above the normal processing range. 1. A long feed section with deep flights
The melt should not remain more than V2 hour ahnvg (approximately 1

/ to 1/2 the screw length).
3300C 625LF) for the A and B Seriep re_-ing or above
3550 C (6700F) for the C Series. This readily permits 2. A short transition zone (less than 1/3 of the
temporary machine stoppage for process adjustment. For screw length).
more extended shutdowns, the system temperature) should be lowered below 2600 C (5000F). Other important 3. A fairly high compression ratio (at least 3:1) to
precautions are: provide good mechanical working.

" The operator should allow adequate machine heat All grades of Vectra LCPs have low melt viscosity so
up time for the barrel to reach the molding clamp forces of at least 1.5 - 2.5 tons per projected
temperature for '/2 hour before feeding the square inch of cavity area are recommended to prevent
pellets or rotating the screw, flashing. A properly functioning check ring on the screw

is a necessity. It should be checked periodically by
"* The operator should wear safety eye protection, making sure the cushion is maintained at the end of each

especially during purging. shot. Malfunctioning check rings usually result in variable
and partially filled parts.

" The operator should use proper gloves and other Conventional free-flow type nozzles work well and are
appropriate protective garments for handling hot commonly used for Vectra resins, Small orifice diameters
dies and to prevent molten material from or nylon type nozzles with a back taper are advantageous
contacting the skin. in controlling drooling. Nozzles should be as short as

possible and have a heating band with an independent
"* The injection unit should be retracted during controller. If drooling or stringing occurs, reducing the

shutdown to avoid nozzle/sprue nozzle temperature usually alleviates the problem.
bushing freeze-up.

Material Safety Data Sheets (MSDS) are available for all
Vectra resin formulations. These should be consulted for
further details regarding specific compounds.

5.1



Storage and molding may begin Cvhen it is flowing cleanly from
the nozzle.

Vectra resin is shipped predried and packaged in mois- Different grades of Vectra resin ca,. be molded by
ture-resistant containers. Resin should be stored on using one grade to purge another without an intermediate
pallets in a dry place where the container will not be polymer- Again, when the new material is flowing cleanly, e
damaged. Open containers should be resealed immedi- molding may start.
ately to avoid contamination and minimize moisture
pickup. If the container has been previously opened,
Vectra resins should be redried before molding. Molding Conditions

The conditions required to mold satisfactory parts of

Drying Conditions Vectra LCPs vary, depending on the part design. the
mold, the machine, and the specific Vectra compound

Although Vectra LCPs do not absorb high percentages of being molded.
moisture (Table 5.1), it is recommended that exposure to Typical settings, which may be used as a guide for
ambient air be kept to a minimum, starting a molding cycle, appear in Table 5,2. Stock

Vectra resin and regrind should be dried" before mold- temperatures should be checked with a pyrometer to
ing. This reduces the possibility of hydrolytic degradation. ensure that the melt temperature is in the desired range
The following procedure produces an acceptable mois- After the molding machine has been on cycle for at least
ture level: 5 minutes, the barrel should be retracted and a single

purge shot made. The temperature of the polymer may oe
" Using a dehumidifying air drier measured with a pyrometer with a fast-response needle

(hopper or tray) or vacuum drier, dry the resin probe.
at 150 - 163*C (300 - 3250 F) for no less Measuring the melt temperature from a machine that
than 4 hours (allow time for the pellets has not been on cycle tends to result in misleading
to heat up). measurements. Temperatures should be carefully ad-

justed to stay within the ranges recommended in
"* The dewpoint of the air should be at or below Table 5.2.

0°C(32°F). The molding machine should be sized so that the shot
weight falls between 50% - 75% of the machine rating,

"To limit moisture regain, a hopper drier rs pre- including allowance for about a /8 in. cushion.
ferred during processing. An acceptable if molded parts will be exposed to temperatures above
alternate is a closed hopper purged with 215°C (4200 F), such as electronic components in vapor-
dry inert gas. phase or infrared reflow soldering, it is critical that Vectra

LCPs not be overheated during processing. For optimum
"* Longer periods of drying, up to 24 - 36 hours, performance, the melt temperatures should be at or below

do not damage the resin, the recommended stock temperature and the melt
. residence time minimized to about 3 minutes or less.

Table 5.1 Equilibrium Moisture Content of Unfilled Suck-back or decompression is not recommended.
Vectra Resin If the molded parts will not be exposed to high tempera-

Ep a tures, the melt temperatures can be raised for easier
500 RH @ 73.F (23..... .. filling, better weld line strength, and improved surface

A950 ', I =:.01% - .41 0a ) finish.

_B950 0~:.04% ] _!(400 pm
Table 5.2 Typical Temperature Settings

Cylindr avectra
Molding Techniques . ASenes : BSenes CSenes

Vhen switching to LCP from another material, Vectra - F•¥,O,• ; •(315•..
naterials may be introduced directly to the molding tt - - I =A

machine cylinder behind other polymers, provided the Z" ) . ! O - '.±i-2C-
irevious material is a low-viscosity resin and is stable at !!FrontZone OF p * 5 7 0, )
ecl'a resin processing temperatures If it is not, or if it t (-5C)- J300*C ,)C -

has a very high viscosity and may be difficult to purge, it -, . 5SWF . - 555°F " '•605°F
suggested that polypropylene or high-density polyethyl- 290- . .0'c) ,429JOC) *(320-)

ne be used first to purge the material and then set Stok -'555'F " . 555*F -- 60 IFS.. ."= '•"(29o*c) . 2w~joc) _1 °c) -;
iemperatures for molding the LCP. When the cylinder is at 0) "5-' -. . __ .

temperature. Vectra resins can be fed to the machine, Note For formulations other than me Vectra A. B. and C Series, please

consult a vectra tecnnicai repwesenlalive s
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"Mold Temperatures: Vectra materials mold well over Shutting Dowq a Machine: After molding Vectra
a wide range of mold temperatures. Generally. molding is compounds, the machine should be shut down with an,
con•ucted with mold temperatures between 300C and empty barrel- If Vectra material is to be used when the
150OC'(85°F and 3000F), with temperatures of 80 - 1100C machine is reheated, it is not necessary to purge with
(175 - 2300 F) being most common. Hot water temperature another material. If a different polymer is to be molded on
control is generally satisfactory. reheating, the Vectra resin should be purged with polypro-

pylene or high-density polyethylene before turning off the

Injection Pressure: The optimum injection pressure cylinder heaters. In either case the barrel should be
varies with the specific resin formulations as well as part emptied completely before shutting off the heaters prior to
design, mold design, and other machine settings. All machine shutdown.
Vectra LCP formulations have low viscosities and gener-
ally require pressures much lower than those of other
thermoplastic materials. Typically. injection pressures are Regrind
about half those of comparably filled semicrystalline
resins (PBT, PET, and PPS). It is suggested that molding When recommended molding conditions are used, Vectra
be initiated by using a very iow pressure. This reduces resins have excellent thermal stability.
the possibility of the first part sticking in the mold. Most In a laboratory study, Vectra resins retained 80 -100%
moldings have utilized pressures on the material of of their strength and modulus after the fifth molding, using
between 1000 and 5000 psi. If necessary the injection 100% regrind. Unfilled grades retained full notched Izod
pressures can be increased gradually. To fill very thin impact strength, but glass fiber reinforced grades
sections, the injection rate can be increased to shear thin showed reduced impact strength due to fiber breakage
the melt viscosity. during processing (Table 5.3). A slight darkening of color
Cycie Times: Cycle times depend on the size, shape, has been observed after repeated moldings.
Cycle ticknes:. Cycolexitimes n of the sdedt, ashpel Though there is little change in properties after five
wall thickness, and complexity of the molded part. as well moldings of 100% regrind. it is suggested that regrind be

as the machine settings and mold design. In addition to l dings o 1 5% main t ais s olor unifo ri nd

low melt viscosity, all Vectra LCP grades have a low heat optimum mechanical properties. A level of 50% or more

of fusion and a high thermal conductivity. This results in

unusually fast cycle times. Cycle times are about half regrind may be acceptable, but parts should be tested to

:•Ji those of semicrystalline resins (PBT, PET, PPS). ensure satisfactory performance.
SConventional plastics granulators are suitable for

regrinding Vectra LCPs. The blades should be sharp and

Screw Speed: Screw speed should be adjusted so that set for the closest practical clearance. The screen hole
the screw finishes retracting 1 - 2 seconds before the size should be as large as practical. For best results, the

mold opens. Typical screw speeds are in the moderate sprues, runners, etc. should be fed to the grinder while
range, with slower speeds preferred for fiber-reinforced still hot - right out of the mold. Regrind should be dried
grades. prior to molding. For more specific recommendations,

consult your Vectragresin technical service representa-
tive.

Back Pressure: Back pressure on the screw is normally
not needed and should be kept at zero or the minimum.
This is especially important to minimize excessive shear
and fiber breakage with fiber-reinforced grades.

Table 5.3
% Property Retention of Vectra Resins after Fifth Molding'Screw Decompression: Screw decompression is

generally not recommended, provided temperatures are Pr;erty - A950 .. 5950 A130
within tihe range suggested in Table 5.2, and the material
is thoroughly dried. If nozzle temperature control does not Jesisffenwll M % tF-*%4
reduce drool, then change to a nozzle type recom-'- Modulu . .81% " .b4 __.*. .

mended in the equipment types section. If screw decomr- "wl, -l.. S bnh - d¶ -% - 1- 95%_ __100%

pression becomes necessary, it should be set to a axuale Mdus . -

mimimum Excessive decompression can pull air into the Notche 11W Ita. r40 0
nozzle and result in splay marks or blisters on the surface
of molded parts. Eac*h mo.ng 100% regrnd
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Part Design

In most cases, designers and molders specify Vectra shrinkage. Ribs may be higher on parts where shrinkage
materials for their excellent dimensionial stability and is of less concern.
mechanical toughness with a broad processing window. Thick ribs should be joined to the wall by fairly small
Part design is the key consideration in optimizing both radii: no more than 10 - 20% of the adjoining rno thick-
processing latitude and part performance. In general, all ness is recommended. Larger radii may cause the
of the standard recommendations for good design of transition area to act as secondary runners, causing the
plastic parts are applicable when designing with Vectra polymer flow to separate during cavity filling. Undesirable
LCPs. For instance, parts should- be designed - and weld lines or back-filling may result.
molds constructed to provide smooth, uniform flow of the One of the noteworthy features of LCPs is their layered
polymer melt. In addition, the part design must control structure formed when the material flows. The outer
the resin's anisotropic properties - a fact that presents layers are composed of highly oriented molecules. This
both opportunities and challenges. The direction of orientation of the molecules tends to follow the contour of
material flow in the mold influences mechanical proper- corners in the part and provides reinforcement. Result:
ties of the molded parts. Thus, there is a strong link parts molded from Vectra resins tend to be significantly
between part design, performance and end-use require- less notch sensitive than those made of other plastic
ments. materials. Naturally, designing generous radii is still good

practice (to avoid excessive stress concentration) except
Shrinkage: A number of factors affect shrinkage. The
most important is orientation of the polymer due to part
design and gate locaticn. Thicker sections shrink more, Table 6.1 Approximate Mold Shrinkage
especially in the transverse direction. The effects of melt .. -. i. xEand mold temperature, injection pressure and rate are .'.•-••_.,.. .: .o-,--._ Trsvse..

modest relative to other polymers. Some typical shrink- .VactrGrse2, Tw re

age values are shown in Table 6.1. 0 .

Warpage: Smooth, uniform flow of the polymer melt is !-A130, A la.w20, ".1_0.10t; iW.002 -

crucial to controlling warpage. Wall sections should be -A150, C10 --- T .002
as uniform as possible since parts are subject to warping 50.0 03
if there is a heavy wall on one side and a thin one
opposite. As one would expect, there is very little _71M ., A 4 --5 0 .0._ . -

warpage when parts are designed so that the resin flows ,;B130.. .261":. O-,O -
evenly from one end to the other in a continuous, longitu- " . -. 2 - .oo
dinal path without weld lines. -,000 0--04 -

Ribs, Comers, and Radii: Ribs designed into the t in. x I&in. x 5 in. Flexbar (End Gated) inm ".

sides of parts are an excellent means for reinforcing wall _- -.. s rse

sections. At the same time however, they can disrupt the - 2 Direction Directon

polymer flow in the mold, creating warpage or unex- --A950. B950 _-_- •_-0.000 - 'f90.006..

pected weld lines. When flow is in the same direction as -:A130, A540, C550 ,. .000 ---

the rib, the rib may be quite thick-100% of the thickness •All50, A-420, •- 00() -di.n•r04

of the adjoining wall at the root. The polymer flows • 001
through the rib and wall in the same direction. When flow !A515 .
is perpendicular to the rib, the rib thickness should be -, _ .

less than the nominal wall. If not, the resin may then flow -'_h =2 7;=B230 - ..- -, - . -- 0.002 - 002
through the wall in one direction, then turn and flow down
the rib. Should this occur, the result can be knit lines or -- in. x 5 in. Flexbar Shnnkage (infi.)

warpage induced by differential shrinkage. Minimal s vs. Pa"l Thickess . ..- --

" warpage is attainable when the ribs are balanced on ...- /W- 'A'

L both sides of a part. A130, Flow Direction - -0.001 0.000 0.000 0.000O As a rule, rib height should be limited to double the Transverse Direction -.-. 0.003 0.003 0.008 0.012

adjoining wall thickness in order to minimize distortion by
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when it migbt.crect6&,a se6ondary runner: A satisfactory .
"rule of thumb" is an inside radius of 0.5-limes the nominal
wall thickness and an outside radius of 1.5 times the
adjoining nominal wall thickness.

Knit Linos: Knit lines are the joint produced when
independent melt fronts meet during injection. They are a
potential problem in any fiber reinforced plastic due to the
difficulty of mixing and orienting fibers across the inter-
face. In an LCP, the rigid polymer chains also a"1 like a
fiber reinforcement: thus, knit line considerations are
particularly important in the design.

For maximum strength, part design should avoid knit
lines altogether. When knit lines are unavoidable, the part
design should manipulate flow to improve performance. Figure 6.2 Fan Gate
To direct flow, the designer should locate the gate
carefully and adjust wall thicknesses. The melt tends to Cut runner as close as
fill thick areas first - then to fill thin areas. The designer, possible tooano

therefore, may reduce wall thickness to retard filling in
one area or increase it to act as a "flow-leader" in another. Parting line - , -,i..---- - -

These methods can modify flow to control the location
and type of knit lines. Knit lines should be directed to
areas of low stress such as a rib or thicker or wider Par
section. Avoid butt knit lines formed where two flow fronts '21-",0 0.020
hit head-on and stop. If flow continues after the melt dia. (0.5O -0.75 mm)
fronts meet, they can "meld" or mix and continue as a
single front. An overflow well or tab may be added to the
part edge at the knit line to improve an existing mold
where part geometry cannot be changed. The overflow
tab is then cut from the part and treated like sprues and
runners. Figure 6.3 Submarine Gate

Gating: Because Vectra LCPs have such excellent flow
characteristics, they fill mold cavities with much less
injection pressure than most other polymers. Seldom is
more than one gate required for filling; this means that
gates can be located to take advantage of the polymer's
orientation, rather than having their location dictated by

Wall Thickness (mm.) flow limitations. Of course, a single gate is beneficial to
0.125 0.25 0.375 0.50 minimize the number of weld line:; and to provide continu-

15 375 ous orientation from one end to the other. The maximum
recommended flow length in a part depends on geome-

-n try, mold design, processing conditions, and the grade of
C 10 _ _ 250 0 Vectra LCP A graph of the flow length that we consider

S' practical for Vectra C130 is given in Figure 6.1.

.o 5 - 125 ' Gate Design: Jetting is a phenomenon that results
. • when plastic flows through a gate and into a cavity

without sticking to the mold walls. It produces a ropelike
____flow, or "jet," which is then compressed in the part.

0.005 0.010 0.015 o-020 Ideally, of course, the polymer should form a uniform flow
0.0l0 Tfront that fills the cavity smoothly. However, all plastics

Wail Thickness (in.) are sublect to jetting and the techniques for controlling it
Mold Temperature - 100 ° C (212' F) are well known. Liquid crystal polymers have very little die

Figure 6.1 Nominal Wall Thickness vs. Flow Length swell when exiting a gate and, thus. are more prone to
(Actual Parts. Vectra' C130) letting than many other thermoplastics.
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Techniques for controlling jetting are similar for all Mold Materials: Vectra resins have been found to be
plastics. Edge gates should be large, generally 100% of noncorrosive to molds, and all stanaard materials of mold

___ the wall thickness. For three-plate molds, tunnel gates, constructionare suitable.
and some edge gates, a smaller gate is practical-and Some fillerp and reinforcements may be abrasive and
sometimes necessary for a clean break-provided that tool steels should.be selected and hardened as for other
the flow is directed against a core or cavity wall to control polymer systems containing similar additives. It is good
the jetting and force a uniform flow to develop, practice to make high-wear components as replaceable

In most cases, all standard methods of gating work well segments, e.g., "sub" gates and cores behind a gate.
with Vectra resins, orovided that knit lines and jetting are
controlled by design. It should be kept in mind that LCPs
are anisotropic and are stronger in the flow direction than
the transverse direction. For this reason, tunnel gates
should be located in the ejector side of the mold to push,
rather than pull, the gate and runners from the mold. On
three plate molds, gate diameters-should be between
20% and 50% of the wall thickness to ensure that the gate
breaks easily. Figures 6.2 and 6.3 illustrate some gate
designs found to work well.

Fan gates have been found to be very useful for flat
parts as a means to obtain easy fill and control orienta-
tion.

Circular parts should be center gated with a sprue or
diaphragm gate to provide uniform flow without weld
lines.

Vents: The low viscosity of Vectra materials dictates that
shallow vents be used. A depth of 0.0005 - 0.001 in.

S. (0.01 - 0.025 mm) is suggested.
Vents should be located in all sections of the mold

where air may become trapped by the molten plastic. It is
desirable to incorporate vents in many other areas as
well, so all the air is not forced through a single small
opening.

Draft Angles: LCPs exhibit very low shrinkage along
with unusually high stiffness. Consequently. they typically
elect easily from most cores. Parts have been molded
with well-polished cores up to 16 in. in length without any
draft. Even so, molding parts without draft should be
considered only when there are no alternate options. A
draft angle of '1:, to "4 degree per side is suggested,
however a draft angle of "2 degree per side is preferred,

The same factors that allow molding of LCPs with mini-
mal draft may result in parts sticking in the mold if there
are slight undercuts or rough areas. With some grades of
Vectra resin, a near-zero flow-direction shrinkage can
cause sticking on the cavity side of the mold rather than
the core. Users should consult a Vectra resin technical
specialist for recommendations on shrinkage allowance
for the specific grade of material being considered and
for the part geometry Occasionally, a core may need to
be roughened to pull the part from the cavity.
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* Finishing Operations

Machining

In addition to having sharp cutting edges, there must be

Although the usual goal of designers is to produce plastic adequate clearance for chips. This eliminates problems
parts that can be used directly from the mold, there are with clogging and interference w:th the cutting operation,

times when its advantageous to machine some dimen- Vyhen there is a choice in tool selection, the machinist
sions-perhaps to 'avoid a complex mold configuration, should pick one offering the greatest chip clearance, for

to achieve particularly tight tolerance or to avoid knit lines example. drills with wide flute areas or saw blades with
in critical areas. Parts molded from Vectra LCPs machine deep gullets. Unlike some plastics, Vectra resins contain-

easily when the following practices are used: ing abrasive fillers such as mineral, glass, or carbon
fibers can be machined with standard high-speed steel

1. Use sharp tools, tools, though carbide tools prolong tooling life during

2. Provide adequate cooling, extended production runs.
3. Allow enough chip clearance.
4. Support the work properly. Turning: Vectra LCPs are easily tirned on a lathe. Tool

bits must be sharp and should provide a rake angle of 5 -

With Vectra resins, the stiffness, high thermal conductiv- 150 with front and side clearance angles of 15 - 0 0. A tip

ity, and low coefficients of friction promote good machin- radius of at least "16 in. should be used for smooth finish

ability. Vectra resins are thermoplastic and will melt if the cuts. Feed rates and cutting speeds for turning depend

machining operations generate too much frictional heat. primarily on th., nature of the cut and the desired finish.
Roughing cuts may be made at the highest feasible rates
without excessive heat buildup. For most work a periph-

Prototype Machining: Part properties of Vectra eral part speed of 60 ft./min. is reasonable. Of course, a

materials depend on the molecular orientation created by smooth finish cut calls for a somewhat higher turning

gating, mold design, and molding conditions. Extra care speed and slower feed rate. As a guideline, a 12 in.

should be taken when machining prototypes for evalua- diameter rod turned with a I% in. tool tip radius at 1000

tton. A prototype may not have the same orientation as rpm and a 0.0017 in./rev, feed advance has an excellent

the final molded part, and therefore, mechanical, electri- surface finish.
cal, and other properties may not necessarily be identi-
cal. In general, prototypes should be molded to the final Milling and Drilling: Standard helical-type milling

geometry rather than machined from bulk stock. Surface cutters are satisfactory. Two-flute end mills are preferred

layer properties of most polymers, including LCPs, are for greater chip clearance. Using the suggested tool

different from their core properties. If machining is speeds listed in Table 7.1, Vectra materials can be cut

unavoidable, one should remove as little surface material without a coolant. An air jet may be desirable to keep

as possible. If the design includes molded-in holes, chips from clogging the flutes. Feed rates should be

drilling these holes in a prototype makes it impossible to adjusted to obtain the desired finish
evaluate the effect of weld lines in the production part. For drilling, standard high-speed twist drills are best for

all Vectra resin formulations. While special slow-spiral
Tooling: Dull tools tend to scrape rather than cut, drills are available, they offer no advantages over stan-
yielding a poor surface finish and generating excess heat dard drills designed for metals. Occasionally, burring may
in the process. The best surface finishes are obtained occur. This can be eliminated by clamping dummy pieces
with sharp tools, high tool speeds, and slow feed rates. of plastic above and below the work. In any case, the

Both machining speed and the feed rate should be work should be firmly supported and securely held. For

uniform and uninterrupted. Cooling allows higher cutting deep holes, the drill should be raised frequently (about

speeds, especially on heavy cuts. Normally, an air jet is every ¼, in. of depth) to clear the drill and hole of chips.

sufficient, but liquids may also be used. Vectra materials A jet of compressed air helps to disperse chips
are not attacked, crazed, dissolved, or softened by any of and cool the drill.

f• the conventional cutting fluids.
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Table 7.1 Suggesýed Drill and Milling Tool Speeds Adhesives
(Part thicknesses up to 1/s in.)

Tood Diameter . ýi J.I. 4'ool Spedrpm Parts riolded from Vectra LCPs can be effectivety
(in.) 'Z',- Unfilled Resins - bonded by using commercial adhesives. In most cases,

. -, -than adequate for product assembly- When necessary,

-. 800 So0 bond strength can be enhanced by surface treatments-. 1600 w _0 that improve wetting for instance. light sanding, grit
blasting, or Chromerge- acid etching Oxygen plasma

I % -- J i' , ting can be highly effective, provided bonding takes
place while the surface is still active.

As with any molded plastic part, optimum adhesion is
Threading and Tapping: Threads may be readily cut obtained when the surfaces are cle..an, the adhesive is
on a lathe. using the tool and cutting conditions previously fresh, and the application procedure supplied by the
outlined Conventional ýaps and dies may be used with adhesive manu -,turer is followed carefully Do not use a
good results These may be threaded either by hand or mold release; it will interfere with good adhesion. Sur-
by machine, use gun-nose taps when machine tapping 4, faces to be bonded ;hould not be touched after cleaning.
speed of about 180 rpm is suggested for sizes from 10 - since an oil film may be left behind
24 through %- 16. 4 special tap for plastics, with two Some grades of Vectra LCPs provide greater bond
flutes, is available and offers some advantages in greater strength than others. As a general rule, filled and rein-
c&:ip clearance but it is not essential for satisfactory forced grades have surfaces that give greater bond
results. strengths than unfilled grades Your Vectra resin tecnni-

cal service engineer can assist in selecting a suitable
Sawing: Vectra resins may be sawed with almost ary material for optimum adhesion.
type of saw. To prevent binding of the blade, however, the
saw teeth should have some degree of set, at least 0.005 Tables 7 2, 7 3. and 7 4 list typical lap shear strengths
in. offset per side. Coarse teeth and extra wide gullets for (ASTM D3163) obtained with various adhesives at three
chip clearance are desirable for rapid cutting while a temperatures. Table 7 5 contains a ,epresentative list of
finer blade gives a smoother edge. In general, the blade aciiesives and thei manufacturers Before specifying
Should have at least two teeth per part thickness; that is, a these or any other adhesive, the user should make
part '/e n. thick should be sawed with a blade having 16 certain that all mecthanical, thermal, electrical, chemical.
teeth per inch Banasaw' - nives a good finish cut and other properties of the adhesive are suitable for the
without cooling, using a blade speed of 4000 ft./ m. applications and that these adhesives are still current
when the part is less than V/ in. thick and the blade products Improved versions may be available from their
contains two teeth per thickness, manufacturers.

Some Precautionw: No unusual hazards have been
identified when machining Vectra materials, provided W~ewing: Chromerge a is a very strong oxidizing acic
standard industry safety practices are followed. in.luding that can cause severe irritat,on burns, and pain It should
the use of only be used in accordance with the supplier's instruc-

tions Consult the manu'..x-turer's MSDS for complete
"* Approoriate safety eye protection to keep data.

par-icies from enterii ig the eyes Regisiereo iraaer'rark ofn e Fisinef Sciernilc Co

"* Pro.;er protective garments to prevent exposing
the skin to resin particles.

"* Wet machining techniques or controlled
ventilation to minimize generation of dust and
particles Where such controls are inadequate to Etching Acid
maintain dust levels below recommended
exposure levels, it is (ecommended that a properly Chromerge" Iishe,..ic..ntific

50 Fadem. Road
fitted NIOSH approved respirator be used. Springiseid, N, 07081

Material Safety Data Sheets are available for all Vectra
resin oroouctc and should be consulted for further details
rAgarhinqg specific hazards and precautions.
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Table 7.2 Lap Shear Strength Values. Tested at 221C (720F) Table 7.5-Adhesives tor Bonding Vectral LCP Resins

.-Range ot Values. -:-AverageoVaMý s.- Two Pan Epoxy ;-- -T

Adhes..,e Type As Motdedi As Malded/. Scotdr1eld*D-.3 d, sies
Surface Treated* Surface Treated* ~ 88AB -4Caigsai o~i vso

ParEtox 1350000/800-Z100 9 QTo - B/

kED-556'.E Plastics
.Canaytt 7O50-~00 500 tS00.uf

____. 0__ _ 7/7__ FILSCOR310 'LrCorporation'1 pl

'Lgnri sanotng/gni biasting and sowvent wash~

CVBOND 0 110 Amenican Cyanamid CoT :

Table 7.3 Lap Shear Strength Values.Tested at loot (21 21F) -wiaý --Havre DeGae - --

~~ -- ~~-- Range of Values, . -A~veraige Values. AUayan 11
.. psi t ýý 5 rmu. Ep .Cole-FParrerCo

Adhesive Type As Mwoldec! As Molded.!/ ~ Northi Oak Park Avenue '
Surface Treated' Surface'rreated* L -- '

2 Part Epoxy "ý 150-300150-40 -.- 2001300

*14 One Part Epoxy 7 :t44- - IrrlPanl Epoxy ~ 00-0025-8G5k60
i' ' Scatdhwekftdýf, 3M/Ahsws

i~22-14 Hi-.nTCen~~r- -. w-Cabnrgs and SaalairtsDvso
'Cyanoacylte -IN 40 ~.3 Citylt- t -13001400_

3 4________ Paut. ýMN 55144. -~'~' ~ - SCetChweld¶! ~ , ýr- -11 __

2Pant Acrylic 7 100-200200-300 - 150/ 25O EC 3476

'L.;g" sarlifng~grit olasting anC soiveni wash~. - ~ -

EJPO-EK I 1~' Epoxy Techinology. Inc.-
E If135-175 *!."e @'a-24 Fortune Drive

SBactrically ormductivel) T --lihenca. MA 01821 1-.,

Table 7.4 Lap Shear Strength Values, Tested at I 53'C (302-F) _M ~ ~________________________________-___2* (Theirnalty -~-An1Kxn Carp ~
- Range of Values. t;AveraeVle.~ cn 5Hrwt vne

-~~~~~- -.- ps '-m - -Laxington, MA 02175

Adriesive Type As Molded, As Molded!l
Surface Treated' Surface Treated*

2 Part Epoxy -. ý-.'400-2001100 200 7 jF00 / 150§ *---*-

~ 100 300 100!I Part yanocr te ..
SPart Epoxy 300F 100-300I 200-300 T'200-200

. Permabond*102 Permrabond tnternatM~ona
77 '480 S_ Dean Streeot

Cyanoacrylate 25 50!E0 100-'i T''25! 100'.<.- nlwoN 73

-Ligrt !sanain grit Diasting and soivent wast -2 Pail Acrylic ýt.~a~

Jiofinabond- 610./612 Permabond tnternmoal
~~ ~~AR0 ZS Dean Street ~ ~ #

Englewood. NJ 0763

As lestlnq was 4miter tnorP werei no atdr4m6vesin the tticwrtq Categories

oemtfed as, aaeqsatp

11k3w P'-,
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Ultrasonic Welding . Annealing

When ultrasonically joining parts made of Vectra resin, a The normal heat deflection temperature of Vectra LOPs
.-,ear joint gives the best results. Other kinds of joint can be increased 30 - 500C (55 - 90 0 F) through a simple
design such as the energy director, scarf, and butt joints annealing process A summary of annealing conditions is
result in much lower strengths. The shear joint should be given below: Specific conditions are available from your
designed conventionally for a nigh modulus material, that Vectra resin technical service engineer
is with about a 5 -15 mil (0.1 - 0.4 mm) interference and
a 20 -100 mil (0.5 - 2.6 mm) depth The strength of the Vectra A and B resins:
bond is determined more by the depth of the joint than by 1. Ramp from ambient to 250°C (480°F) in
the interference. several hours.

All high-melting plastics require high-energy input for 2. Hold at 2500C (4801F) for 4 hours.
welding. Vectra LCP is no exception. A 20 kHz machine is 3 Cool to ambient temperat'ire.
adequate for most welding application, though for parts
that are less than 0.5 - 0.75 in. (13 -19 mrn), a 40 kHz unit Vectra C resins:
snoulid be considered. Horn amplitudes are large usually 1. Ramp from amoient to 2700C (520'-) in
between 2 and 3.5 mils (0.05 and 0.08 mm) for a 20 kHz several hours.
frequency ano about half of that for a 40 kHz machine 2. Hold at 270°C (5200 F) for 4 hours
Shear strength of the joint is 30 - 50% of the bulk 3. Cool to ambient temperature
materials strength when these guidelines are followed.
Ultrasonics can also be used to stake bosses and to form This manual has been prepar ... to provide the designer,
rivet neads. processor, and applications engineer with information

needed to use and apply Vectra Liquid Crystat Polymers
For questions about topics not included here. or when
more information is required, please telephone the

Plating and Other Metallizing Engineering Plastics Technical Information Service:
(908) 231-2062

Consult your Vectra' resin technical service representative
for information on resin grades and the chemistry recom-
mended for metallizing by vacuum deposition, sputtering,
ano eiectroiess or electroiytic plating with conventional
cnemica~s.
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Description Suggested Application Areas
DU PONT Liquid Czystal Polymers (LCP) arc E ectifElectronlo
desiped to provide very high heat distortion
properties, exhibit excellent dimenional stabil. Surface Mount Components
ity and maintain high mechanical propertes SoCkcto/Burs-n ockes
over a wide temperature range. The HX-4000p o arers
series ame wholly aromatic polyester resins which Chip C ins
are easily moldable. These grades of DU PONT Bobbins
LCP are ideal for a wide range of applications CeramiC ,eplacement
including those in the automotive and dclc- Motor Parts and Insulations
ronic iodustcs. Fiber Optics

Connectors
Guides

Properties pins
Typical prperties of DU PONT HX-4000 Closures
series resins are shown in the accompanying
table. These materials combine ee.lent flex- Automotive
ural modulus (see •igpre 1), heat distortion Sensors
temperature and electrical insulation properties Lamp Sockets
(see Figure 2), with outstanding dimensional Coil Forms
stability due to their very low coefficient of Chip Carriers
thermal expansion. The exceptional fatigue Fuel System Components
propcrties are illustrated in Figure 3. Transmission Systm Components

In addition to the excellent thermal properties, Pump Components
these resins have a high degree of resistance to Ignition System Components
a wide range of chcmicals-including strong AeropaCe
acids, bases and hydrocarbons. Aero nice

Compositions Imaging and Optoelectric Components
Sensor Devices

HX-4000 Unfilled Composite Materias
JX-4100 30% glass, high temperature

grade Processing
HX-4101 30% glass, high temperature DU PONT MX-4000 se-es resizr exhibit good

grade V-0 at 0.79 mm (0.031 in.) melt stability and feature low melt viscosities

HX-4330 30% talc, high temperature grade and, thus, are easily processed. They can easily
fill long, thin wall sections and exhibit no flash.

Applications Due to the high freezing point, low heat of fu-
DTJ PO.NT HX-4000 series resins should be sion and good thermal conductivity, the cycle

considered in applications requiring high tern- time for these resins is significanrty better than
pcrature performance, retention of properties conventional crystalline resins--thus offering

over a wide temperature range, dimensional sta- key improvements to producdvicy. The very low

bility, chemical resistcc and exceflent clectri mold shrinkage of these resins is a plus factor in

cal properties. These resins are well suited for tool design and design tolerances.

use in automotive, elcctrical/electronic, fiber Recommendations regarding processing condi-
optics, telccommunications and aerospace tions arc available from your Du Pont Polymer
industries, Products rprescemtive or from any office listed

on the back page.

I
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TABLE 1
Typica Properties of Du PONT LCP Resins

Medwo Uri" DU PONT
Pfoparw AMUT 00 $1 (English) HX.400. HX4100 1X-41E:0 1x44338

Tensile Stongth 063 R527 MNg (si)
-409C (-40"F) 140 (20,0) 136(19.9) 110(16.0)

236C (0(F) 90(13,0) 150(22.0) 185 (22.6) 110 (16.0)
120-C (2W-F) 75(11.2) 1100(6.0) 11 0 06.0) 90(10.0)
1so-C (oo-F) 65(12.4) 700(0.2) 75(11.0)
2000C (8920) 40(g.8) 50(7.5) 40 (6.0)

Elofigabo at breaM OM3 R527 %
-400C (-406F) 0.S 0.6 0.8

230C (73OF) 0.5 1.0 1.0 0.0
12000 (2500F) 1.0 1.0 1.0 1.1
1 50IC (300-F) 2.0 1.5 1.5
2000 (392-F) 2.0 2.0 2.0

Tensile Mocuus 03 RA27 We (Mpui)
-40,¢ (-40oF) 23 (3• 22(3.2) 14(2.0)

23*C (730F) 21 (3.1) 18(2-7) 19(2.7) 14(2.0)
120C (2&r ) 11 (1.69) 1 1(1.)
15000 (0oo.F) 11 (1.) 12(1.7) 0(1.2)
2ooC (392•) 4(c.6) 6(0.7)

Sheo Smength M722 MPa (kpg)
-40.C (6d0F) 80(11.0) 3D (11.8)

23-C (73O) 75(11.1) 70(10.3)
120C (2SOP) 50(7.6) 56 (64
200-C (39rP) 30(4.7) 30(4,S)

SF enbextunot 0790 `178 MP (kpal)
-40-C (-40") 220 (31A) 210(30.7) 206(30,0)

230C (M-F) 230(33.1) 200(20.0) 106(2$.4) 190(27.S)
1200C (2SOF) 150(22.1) 140(20.5) 145(20.8) 120(17.5)
150se (0) 110(16.0) -35(15.5)
200., (392-F) 91(80.) a 40(a.0)

Flexmw Me4alus 0790 178 GPa (Mpi)
-40"C (-40,P) 20(2.9) 20(239) 15 (2.2)

23M0 (73"P) 16 (2.3) 19 (2.7) 1 (2.6) 14 (2.0)
C1300 F) 112(1.0) 14(2.0) 14(2.0) 10(1.5)tusome (Sw-F) 1(l.n, 12 (l.7)

2000• (392F) 6(0.9) 7(1.0) 4(0.6)

Compresstv, Sitran D6936 - MPW (kpui)
-4040 (-404F) 190(27.5) 170 (24.7)

2r'C(730) 170 (24.7) 155(22.8)
120-" (2509F) 123(15.1) 8(001.6)ujz 200-C (392"F) 40(5.8) 25(3.9)

Compressive Moduhis 0695 - GPa (Mviii)
-wdOC (-.400) 14(2.26)

23C (73'•F) 1(1.06)
20 (25) 6(0.79)

Defomratlen Under L*a
27.6 MPs (4000 psi) 0621 -

23. (730f) 0.60 0.30 O05
JIM0 (1220P) o03 c.is

Him Delsedom
Tempear I 66 75 "c (OF)

1.I MP*, (264 Psi) 21 (504) 270 (20) 270(•20) 230 (445)
0.45 MPW. (66 psi) -2715 (627) 3,275 (527) 3275 (>S27) 270 (W0)

'These vWues am t*r nsrela akar nmrm only. Co0ramts or oat'r addisves ay ialtr some or all of Ime pmrper. The dim katd
shemr are prelomanay and Are based an Mmbad manulactunng campmgns. Test date may e modhied as mowe expenenm ts ganed
These typical Iroperies sOuld not be used So esUa~sh spaficalon i•ani nor be used lone "s et• bams of desn
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TABLE 1 (wnuedw)
Typical Properties of DU PONT LCP Resins

Moeth"d Units DU PONT

Property ASTM 150 51 I(Engllish) NX440 I KX.4100 I NX-4101 HX.4=3S- - ,n - b a )

[a WP -409C (-40*F) 5 (1.6) 65(1.2) 60(1.1)
S3C (73"F) 65(1.6) 40(1.1) 55(1.0) 1(0

UnnochdUd Imnpact
' Smngu D225 180 Win (fWn)
0 -406C (-4O4F) 180 (3.4) 160(34) 150(2.8)

-2 ('73O) 2000345) 175(3.3) 165(3.1)

Mol•tng Point D416 aC (IF) 310 (590) 310 (590) 310(560)

Coefficient of Unew
Theriw Expansions 0606

Maholine Dir.I• -40"1¢ to 16090

(-40-F b 300-F) 10-/*C (•o-'F) -0.1 (-0.05) 0.3(0.3) 0.5(0.3) 0.5(0.3)

u, Transverse Dir.
-400. to 500C 10-/C (10-!,'F) 10.6(5.9) 9.7 (5.4) 9.7(5.4) 3.1(1.7)
(-40-F W 300-F)

"Themmal Conduo4ty 0177 WJmK BOw-ir 0.23(1.6) 0.= (1.6)

h*hF I

U UL Flmmablity UL-4 - mm (in) V-4 V-0 V.0 V.0
Thic•l•ess 0.79 (0.031) 3.18(0.125) 0.75(0.o01) 1 .5(0.062)

0C Oxygen index 02863 %0, 36 36

STEMP. INOEXING ULP7468 400 ()
(AM PItowisonai) 200 (392) IS0 (302)

S3peaft Orv"y D972 129 1.51 1.51 1.95

Wter Absorpion 057 62
24 hr. 2300 (73-F) 0.04 0.03

6'-month Immerso % 0.30 0.28

Hardness Radwmwek M 0785 2039 Pnts 100
Karnress Rodiwe R 123

Taber Abrasion
CS.17 Wheel mg/bOO

10009 oycles 102 123

for 3.185mm (0.125 In.)

Flow % -0.3 0.0 0.0 -0.1
Transverse % 1.2 0.6 0.6 0.6

s Dermined by Qua rlzDiltmewrmetodon 76.2x 127 x 3.8 mm (3 x5 x 0.125 inch) specmeos.
'This mail test oe not indic combustion chavocIlslIcs under actual , condit•ons. Daft for HX-4100 and HX-4101 We

otmined from Und• wms I hes To mufts on NX.4000 and NX,4330 ere Du Pont dma using the UL Test Prooedure.
'Sht k* deamunied on 7?.2x 127 x 3.18 mm (3 x 5 x 0.125 in.) specn mendred.d at 2•C C 1 mold tomperOuwr.
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TABLE I (conunued)
Typical Properties of DU PONT LCP RsIng

mew"o Umw DU PONT,, i _ m , _ ur ,_ _ _ _ _

Prpew ASTU• I00 W1 (Engfiah) XI4,00 HX.4100 HX-4101 HX.4330

OietI.cm Svugzh, 0148 - kV/mm (Vlmr)

0.71) mm (0.031 in.)
23* (?V'F) 67.0(1700) 45.5(1670)
" MWOF) '53.S(1360) 56.56(1W)

ISCIOC (30O'F) 50.5(1260) 4.0 (1200)
2001C (392OF) 48.0(1140) 46.0 (1110)
245V (475-F) 42.5 (10O) 44.0(1120)

1.59 mm (0.062 in.)
23"• (73" ) 49.0(1250) 50.0(1270)

1206C (2501F)
150C (300"F) 43.5(1110) 38.0(070)
200DC (392'F) 39.5(1000) 1" (820)
2469C (4759F) 32.5(820)

3.13 mm (0.125 in.)
236C (73F) 26.5(670) 31.6 (OW) 31.5(500) 30.0(760)

1200" (250F)
80"C (3006F) 29.5(750) 30.0(760) 25.5 (•W)

200C (392-F) 23.5 (00) 25.0(640) 23.6(600)
2450" (4750F) 35.5(650) 24.5 (620)

slop by Stp
3.l18mm 23C 18.5(470) 16.5 (470) 17.0(430)

S(0.125in 73-F)
rj ComparaUve UL7,•

"Tranlun Index 0,636 voft ISIS 1SO 130

DalemwtI Constant
3.16 132 (012 K)91 kHz 0150 135

23C (736P) 3.2 3A, 3.8 3.6
120" (20OF) 3&7 t7
2000C (392) 3.5 3.8 3.9 3.7
2WC (SWO'F) 4.0 4.0

I MHzi
2390 (73F) 00.1 3.4 30. 3.,

1200C (250OF) 03. 3.7
20*C (392OF) 0.S 3.0 3.9 3.7
2WOC (800OF) 0.0 4.0

oulspacon Feewor
S. IS mm (0. 125 in.)

1 kHz D150 1325
23'C (7301) U0601 0.007 00107 0.009

12000 (2S0"F) 0.005 0.002
20&0' (392-F ) 0.008 0.010 0.01 0.011
21O0 (5-F) 0.01o 0.02"

1 MHz
23"0 (T7•F) 0.010 0.013 0.OL0 0.000

1209C (2500P) 0.016 0.012
2W0C (=926F) 0.021 0,019 0.0t6 0.01S
2WO*P,(o'C 0.012 0.009

Volume 90h61y r 0257 1325 o-m.cm 1017 10' 10"4

S~j1mW PeAWSi"ty D257 1325 ohim-Sq 10% 1014 10"

* Deu•mmd witi .unundmig md•ftm of KtYTOX* high ump.wrUre oN. U*a * otrw wd k udng air may al"er SO" or aln
of ins" proPNMt6.
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RTjECTION MOLDING

DU PONT EX-4000 MSERIE

IQUED CRYS-AL POLYMERS

SCREW BACK PRESME

- Minimum

SCREW RP

- 6-16 in/sec peripheral speed (e.g. 2 in screw: 60-150 rpm)

- Fast fill rate
. Fast set-up time (If not, check resin moisture)
- Overall - about 2/3 that of PET and PPS.

MrELT STABTL•

- HX-4100 - Very stable (long hold-up times; cycle interruptions)
- HX-4101 - For cycle interruptions >20 minutes, purge machine

PJMGE

- Fractional melt index polyethylene
- Keep screw turning at temperatures >600-F
- Wear protective gloves and safety glasses

. 0.0% (0) - Direction of flow
- 0.6% - Tannverse direction

- 0.015 in (or greaer) - 0.030-0.60 in-- and
R Relieve to 0.00 in or greater

- Generous (2-5 degrees per side?)
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INJECTION MOLDING

IQU CRYSTAL POLYRS

- OveTmgt at 250OF
-4 hocrs at 300°F
- <0.015% moisture required

- Limit to 20%
- Regrind shatters - need very sharp cutters
- Fines separation

MELT I-ENMEBATMU

- 640-660F (Cylinder insulation may be needed)
- Use heavy gloves for melt temperature measurement

M =L JENMERAnUm

- 170-3000F
- Lower temperatures for ejection of complex parts
.Higher temperatures for fill of long, thin parts

pRESSURES aNMQJETTON & ]!ACE)

- 4,000-15,000 psi
- Lower pressures to improve ejection
- Higher pressures to improve fill and weld lines
- Mazimum part weight for optimum weld line strength

- Flow io very shear sensitive
- Fast: 1-3 seconds (0.3-1.0 Won&ds ommon fOr smaIl shots)
- Capable of long flow in thin sectiots
- Zero flash

r
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_PROCESSING GUIDE

XYDAR FC filled compounds am. new %"ain Drng *Conewntional scrw designste an o-
generaj purpose kgu"3 Crystal Polymer * XYDAR FC Compounds aim not hy*M. ormonndud. such as 2"4-21 LID/ and
comfpounds Ntht can be easily injecton SCpic but surfac Moisture Must to 2A~-3:1 coompresaom ralw.
Moaasa on 00inventiou equipment and removed by oven drying for 6 hours Ml
00 not MWuuIV or'te barrels or ceramic @ 30041F * Nta~ia sehoW be hetedw uc200r
holle bonds. COerwnlo hester Dends 0 H opper dr yar with desiccant beds *11he by c~oLM ho f o
mnay be Advisable for wy "on produc- ame mRM111 nded.ham
tin runs. ho~wever because of their * Wflw"Mn air to the hopper dryer 0COW slug. heftamer omened
ton"?r service lfe. should measure 300*F with a dew point w bot m~ rawe shuc ba~e fd

These FC comnpounds provide ex. of - 20T. 000 Ig toRW"aolI
CeOWent flowtr thwWIn~i and dtfllculllio- Mahn MaidsSshoul be WAMaued 1rom fri
fill pans. and heavy esli conoet * XYDAA FO ~compounds can be run an maid po~ul~ to ensure adequae torn-
cantoe molded at taol cycles. Moldsl SUK 0M~ m Machines peratue Control.
desgned for other? thrtoplastics can
be used for developmrnarsl eamiustions. *Nonverwed at vented barrels can be

-. C&r .. Clmpressureshould be 2-4tons
Per square inch of projected affla.
v Shot sme should be a mrunimrn ot

0011,30% of the barrel Capacity.

Processng "rois
Front Center plear Hoppe

melt Q2%Zone Zone Zone Dryer

750-86?F 720-770"F 72D-770'F 670-740T 6SQ-710P* 300T

Screw speed: 8D-100 rom
Injection pro*sewe; 5.00014.000 pal
Beck pressure: 0
Mo ld Isronerelw.: 200-500rF


